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Tue INTRASPECIFIC AND THE INTERSPECIFIC VARIABILITY 


Tue coleopterous family Coccinellidae presents very 
favorable material for studies on variation. The color- 
pattern of the elytra and of the pronotum is very widely 
variable in many species. The variations may be ar- 
ranged in series beginning with entirely light (yellow or 
red) elytra, ranging through light elytra with a number 
of dark (black or brown) spots, dark elytra with light 
spots, and ending with dark, unspotted elytra. The in- 
traspecific variability is not infrequently discontinuous, 
the intergrades between the different patterns being rare 
or absent. 

Large groups of related species and genera exhibit 
parallel series of patterns, upholding the rule of homolo- 
gous series in variation, formulated by Vavilov (1922}. 
Thus, only a few of the more than one hundred patterns 
that are known to occur in the species of the genera Coc- 
cinella, Semiadalia, Adonia and Hippodamia are re- 
stricted to a single species. A large majority of these 
patterns reappear in several or in many species. The 
similarity of the homologous patterns in different species 
is often striking (compare Figs. 2% and 3H, Figs. 2 L, 
4D and 4G, Figs. 21,4J and5D). Homologous varie- 
ties of different species may appear even more similar to 
each other than do different varieties of the same species. 
However, the different varieties of the same species, at 
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least those found in the same locality, intercross freely 
in nature as well as in experiment, while different species 
are, as far as known, intersterile (Lus, 1928). 


Tur GEOGRAPHICAL HLEMENT IN VARIATION 


The different patterns known in a given species do not 
oceur equally frequently in every part of the area in- 
habited by the species. In some sections of the specific 
area a majority of the population may consist of indi- 
viduals having a pattern or patterns which are rare or 
absent in other sections of the same area. The species 
becomes, thus, differentiated into geographical races 
(subspecies). Each of the subspecies is characterized 


3 
+ 4 
Fic. 1. Harmonia axyridis Pall. A—var. succinea Hope; B—var. 
frigida Muls.; C—var. novemdecimsignata Fald.; D—var. axyridis Pall.; 
E—var. spectabilis Fald.;,F—var. conspicua Muls.; G—var. aulica Muls. 
The scale in this and in the following figures represents five millimeters. 
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by a definite frequency of the different patterns in the 
population. This situation may be illustrated by the 
example of the Asiatic species, Harmonia axyridis Pall. 

Harmonia axyridis Pall. occurs in the southern stretch 
of Siberia, from the Altai Mountains to the Pacific, in 
Manchuria, China and in Japan. The western part of 
this area, extending from Altai to Lake Baikal, is in- 
habited by var. axyridis (Fig. 1D, Table 1). Individ- 
uals having the pattern of var. 19-signata (Fig. 1C) 
occur in this region only as an exception. East from 
Lake Baikal var. axyridis loses rapidly its predominance, 
it is only seldom found in the Maritime Province and in 
Japan, and is not known to occur in China (Table 1). 
The variety 19-signata is the most frequent one in the 
eastern part of the specific area; var. spectabilis (Fig. 


TABLE 1 


RELATIVE FREQUENCY OF THE DIFFERENT PATTERNS IN Harmonia axyridis 
(IN PER CENT.) 


8 
3 
= 3 => 
2 3 
5 
3 


succinea 


Yeniseisk Province... 
Irkutsk Province ..... 
Transbaikalia (west- 
Amur Provinee ........... 
Maritime Province 
(Khabarovsk) 
Maritime Province 
(Vladivostok) 
Manchuria 


China (Chi-Li, Shan- 
Si, Shan-Tung) 
China (Kan-Su, Sze- 


The column marked ‘‘n’’ in this and in the following tables indicates 
the number of individuals studied from a given region. 


n 
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a 16.9 311 376 08 60 68 08 765 : 
be 12.9 328 340 .... 112 86 05 232 
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1 E) and var. conspicua (Fig. 1 F) are very frequent in 
Japan, less so in eastern Siberia and in China, and do 
not occur at all west of Lake Baikal. 

The species Harmonia axyridis is, thus, segregated 
into several geographical races. The western race is 
well differentiated from others, since the population of 
the western race consists almost exclusively of individ- 
uals having the pattern axyridis (Table 1), and this pat- 
tern occurs in other races only as an exception. The 
eastern-Siberian, the Japanese and the Chinese races 
differ from each other only in the average frequencies of 
the occurrence of the different patterns in the popu- 
lation.’ 

The degree of differentiation of the geographical races 
may vary greatly. In some species the geographical 
races are merely indicated, the relative frequency of the 
various patterns being only slightly different in different 
parts of the specific area. Other species are subdivided 
into more or less sharply defined races. In extreme cases 
nearly 100 per cent. of the population of each race may 
exhibit a pattern or patterns which are not found at all 
in individuals belonging to other races. The different 
degrees of differentiation of the geographical races may 
be interpreted as different stages of the same process. 
What we observe in various species at our time level, 
are the young or slowly differentiating races on one hand, 
and the old, well-formed races, on the other. A compara- 
tive study of the different species may give us an insight 
into the process of the evolutionary divergence in time 
and in space. 


DIFFERENT STAGES OF THE DIFFERENTIATION OF THE 
GEOGRAPHICAL Races 


Adonia variegata Goeze inhabits almost the whole 
Palaearctie region, and, in addition, the eastern part of 

1The variability of Harmonia axyridis is discussed in more detail in 
Dobzhansky, 1924. It is worth mentioning here that the varieties of this 
species differ from each other only or mainly in coloration, and do not dif- 
fer in the structure of the genitalia. 
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Africa. The color pattern of this species is very vari- 
able. The typical pattern (Fig. 2 E) consists of seven 
black spots on each elytron. The decrease or the in- 
crease of pigmentation leads to the disappearance or to 
fusion of some or of all of these spots. More than 
eighty different patterns occur in the species; some 
of them are represented in Fig. 2. The geographi- 
eal distribution of the patterns is shown in Table 2 


TABLE 2 
RELATIVE FREQUENCY OF THE DIFFERENT PATTERNS IN Adonia variegata (IN 
PER CENT.) 


immaculata 
constellata 
Some spots 
absent 
variegata 
typica 


carpini 


Kiev 


© | litigiosa 
© 


Se 
bo 
wo © 
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N bo 


Uralsk, Turgai and Ak- 
molinsk Previnces 
Transcaucasia 
Persia 
Transcaspia 
Semirechensk Prov. ....... 
Pamir and Darwaz 
Chinese Turkestan 
Ordos and Ala-Shan 
Northern Mongolia 
Transbaikalia 
Maritime Province 
Yakutsk Province .. 
Abyssinia 


(patterns involving simultaneous disappearance of some 
of the spots of the typical pattern and fusion of others 
are included under the heading ‘‘confluent spots’’). An 
area extending from Europe to Caucasus, Persia and 
the plains of Turkestan is inhabited by a lightly pig- 
mented race. In this region varieties immaculata, con- 
stellata, carpini, litigiosa, and other varieties having 
some spots missing clearly predominate. Persia seems 
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Fic. 2. A-G—Adonia variegata Goeze; H-L—Coccinella quinque- 
punctata L.; A—var. immaculata Gmel.; B—var. constellata Laich.; C— 
var. carpini Geoffr.; D—var. litigiosa Wse.; E—the type form; F and G— 
some of the varieties having confluent spots; H—var. minckwitzi Hanel.; 
I—var. ressii Wse.; J—the type form; K—var. simulatrix Wse.; L—var. 
arthurica Jacobson. 


to be inhabited by an especially light race. Eastward 
from this area, starting from Pamir and the high moun- 
tainous plateaus of eastern Bokhara (Shughnan, Roshan, 
Darwaz) and up to the northeastern part of Siberia 
(Yakutsk), there is found a heavily pigmented race in 
which the var. typica and varieties having confluent spots 
predominate. The process of the accumulation of pig- 
ment reaches its peak in Yakutsk Province. Another 
very dark race is found in the part of the area inhabited 
by Adonia variegata which is furthest removed from 
Yakutsk Province, namely in Abyssinia and in east-cen- 
tral Africa (Lake Tanganyika). 

In spite of the considerable difference between the fre- 
quencies of the various patterns in the different regions, 
Adonia variegata may be taken as an example of a species 
in which the geographical races are merely indicated. 
Indeed, in no region are one or a few patterns not found 
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elsewhere established to the exclusion of all other pat- 
terns. The typical pattern of the species is nowhere 
very rare, and certain patterns involving a confluence 
of spots are also found practically in the entire area in- 
habited by the species. Hippodamia convergens Guer. 
may be referred to as a species which is still less differen- 
tiated geographically than Adonia variegata. Hippo- 
damia convergens is common almost everywhere in North 
America. The typical pattern of the species, which is 
very similar to the typical pattern of Adonia variegata 
(Fig. 2 E), is by far the most frequent one in any part 
of the specific area. However, in the population living 
in California from 2 per cent. to 10 per cent. of indi- 
viduals have some of the spots missing. In the eastern 
states less than 1 per cent. of the population have some 
of the spots missing.’ 

Anatis ocellata L. is more differentiated geographically 
than either Adonia variegata or Hippodamia convergens. 
The species has twenty (typica) or eighteen (var. lin- 
naet) black spots on each elytron. These spots may dis- 
appear or may fuse with each other into longitudinal 
stripes (Fig.5 HE, F,andG). In Europe individuals with 
all spots fused into stripes (Fig. 5G) apparently do not 
appear, but individuals with spotless elytra are frequent. 
In Siberia the fusion of spots becomes more and more 
frequent as one proceeds eastward, and east and north- 
east of Lake Baikal individuals with striped elytra pre- 
dominate (Table 3). In Maritime Province the popula- 
tion is, however, again less dark on the average. 

Coccinella quinquepunctata L. (Fig. 2 H-L) is repre- 
sented in Kurope by the so-called typical form (Fig. 2 J) 
having five black spots on both elytra (Table 4). The 
number of spots, as well as the size of the spots, increases 
as one proceeds northeastward. In Yakutsk Province 
practically the entire population consists of var. arthur- 


2The frequency of the different patterns in Hippodamia convergens was 
studied by Johnson (1910). His data are misleading, since he included 
under the name ‘‘convergens’’ at least three different species. 
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TABLE 3 


RELATIVE FREQUENCY OF THE DIFFERENT PATTERNS IN Anatis ocellata (IN 
PER CENT.) 


(bicolor) 
Some spots 
absent 
typica and 
linnaei 

ent (hebraea) 


Ukrainia . 

Province. 

Yeniseisk Province 2 70 
Transbaikalia. ... : 3. 6 : 55 
Maritime Province 50. 3. 24 


ica, having eleven large spots. Conversely, the Cau- 
casian race is lighter than the European race: Caucasian 


individuals have only three spots or no spots (Table 4). 
Recently Coccinella quinquepunctata was found in the 
northeastern part of Turkestan (in Sungarian Ala-Tau). 
The few specimens known from there are all spotless. 


TABLE 4 
RELATIVE FREQUENCY OF THE DIFFERENT PATTERNS IN Coccinella quinque- 
punctata (IN PER CENT.) 


(minckwitzi) 
(stmulatriz) 


No spots 
(rossii) 
(typica) 


Caucasus 


Vyatka Province 
Tomsk Provinee .......... 
Yenisseisk Province 
Irkutsk Province 
Transbaikalia 
Yakutsk Province 
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This fact is interesting because the region lying between 
Caucasus and the northeastern Turkestan (Kirghiz 
Steppe) is inhabited by a race similar to that living in 
Europe. It is not unlikely that the similarity between 
the Caucasian and the Turkestanic races is a result of a 
process of parallel development. 

Hippodamia tredecimpunctata L. (Fig. 3G, H and I) 
inhabits nearly the entire Holarctic region. In Europe 
the spotted var. typica predominates (Table 5) but indi- 


TABLE 5 
RELATIVE FREQUENCY OF THE DIFFERENT PATTERNS IN Hippodamia trede- 
cimpunctata (IN PER CENT.) 


(signata) 
13 spots 

(typica) 
Some spots 

confluent 


© 
0 
° 


Kiev 
Askania-Nova 
Astrakhan 

Transcaucasia 
Tashkent 
Ferghana 
Semirechensk Province 
Ordos 
Lower Amur 
Yakutsk Province 
Kamchatka 


viduals having a few spots missing or confluent are also 
found. The entirely spotless var. signata is not known 
to occur in Europe, except a few specimens found in 
southern Russia (Kiev, Askania-Nova, Astrakhan, see 
Table 5). The situation is reversed in Transcaucasia, 
Persia and the southern part of Turkestan. In these 
countries the var. typica is not found at all, or is found 
only as an exception; it is replaced by the variety signata. 
In northern Turkestan and in Siberia the population con- 
sists of var. typica and of varieties having confluent 
spots. The frequency of the latter varieties consistently 
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Fic. 3. A and B—Coccinella novemnotata Hbst.; E—Coccinella novem- 
notata Hbst. var. degener Csy.; F—Coccinella novemnotata Hbst. var. 
franciscana Muls. C—Coccinella divaricata Ol. var. typica; D—Coccinella 
divaricate Ol. var. distincta Fald. G—Hippodamia tredecimpunctata L. 
var. contorta Wse.; H—Hippodamia tredecimpunctata L. var. typica; I— 
Hippodamia tredecimpunctata L. var. signata Fald. 


increases as one proceeds in the northeastern direction, 
and reaches its peak in Kamchatka. In Canada and 
United States the var. typica, similar to that found in 
Europe, is again met with. 

In Hippodamia tredecimpunctata one may speak, con- 
sequently, of the existence of two subspecies. One of 
them, signata, occupies Transcaucasia, Iran and Turkes- 
tan, and the other, typica, inhabits the rest of the specific 
area. Within the region of each subspecies individuals 
having the color-pattern of the other subspecies are prac- 
tically absent. There exists, however, a broad inter- 
mediate zone in which signata and typica occur together. 
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The intermediate zone includes the southern part of Rus- 
sia, a part of China (Ordos) and, perhaps, Transcaucasia. 
A step further from the condition found in Hippodamia 
tredecimpunctata leads to the formation of two races 
entirely restricted to their respective geographical 
regions. This condition is approached by Synharmonia 
conglobata L. The European race of this species has 
pinkish elytra with eighteen black spots, which may be 
separate or fused with each other. The frequency of 
individuals with fused spots is higher than 50 per cent. 
in the European race, and only 3.3 per cent. in Trans- 
caucasia (the latter figure is based on 245 specimens 
from Erivan, Transcaucasia). In the southern part of 
Turkestan an entirely different race (var. buphthalmus) 
isfound. Elytra are yellowish with eighteen light-brown 
spots, each having a yellow area in the center. More 
than 200 specimens coming from various localities in 
Turkestan (mainly the environs of Tashkent and Fer- 
gana) were studied, and all showed the characteristics of 
var. buphthalmus. Chinese Turkestan, Songaria, and 
the deserts lying between Mongolia and Tibet are also 
inhabited by var. buphthalmus (Kashgar, Kilian, Sanju, 
Khotan, Keria, Kurla, Aksu, Manas, Barkul, Khami, 
Sadjou, western Kan-su, central Mongolia, 524 specimens 
of var. buphthalmus and no specimen of var. typica 
examined). The only region in which var. typica and 
var. buphthalmus occur simultaneously is the Semi- 
rechensk Province (northeastern Turkestan). In the 
southern part of this province (south of the river Ili, 
mainly environs of Verny) 89 per cent. of specimens 
found belong to var. buphthalmus and 11 per cent. of the 
black-spotted varieties (54 specimens examined). In the 
northern part of the same province (environs of Lep- 
sinsk) only 26 per cent. of individuals are var. buphthal- 
mus (23 specimens examined). In Siberia the species 
under consideration is rare, but all the specimens known 
from there have black spots. 
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Tue ‘‘Centra’’ or Light oF Dark Forms 


As stated above, there is observed a parallelism in the 
variability of the related species and genera. Homolo- 
gous varieties of different species may be more similar 
to each other in appearance than the different varieties 
of the same species. This parallelism is, probably, due 
to the essential similarity of the germ-plasms of the 
related species. This is the genotypical parallelism. <A 
thorough discussion of the genotypical parallelism lies 
beyond the scope of the present article. A different kind 
of parallelism is observed if one takes into account the 
geographical distribution of the various color-patterns. 
One may eall it the geographical parallelism. It mani- 
fests itself in that the various species inhabiting a given 
region usually have more similar patterns than each of 
these species has in regions widely distant from each 
other. In some regions most species are represented by 
light, searcely pigmented varieties. Such regions may be 
called centers of light forms. In other regions most spe- 
cies show an extensive development of dark pigmenta- 
tion. These regions are centers of dark forms. 

Two centers of light forms are apparent in the North- 
ern Hemisphere. One of them lies on the Eurasiatic 
continent, in the southern part of Turkestan and in 
Persia. The second is found in North America, in Cali- 
fornia, Arizona, and, probably, in northern Mexico. The 
center of the dark forms lies in northeastern Asia 
(Yakutsk Province, Kamchatka). As shown above, the 
populations of Adonia variegata, Anatis ocellata, Coc- 
cinella quinquepunctata and Hippodamia tredecimpunc- 
tata in which dark patterns are most abundant are found 
invariably in northeastern Siberia. Turkestan is in- 
habited by the least pigmented varieties of the species 
just mentioned (except Anatis ocellata, which does not 
occur in Turkestan) and of Synharmonia conglobata. 

Species inhabiting both Eurasia and North America 
are most important from the standpoint of the problem 
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of the centers of light and dark forms. One such species 
is Coccinella transversoguttata Fald. The race of this 
species inhabiting Siberia and Mongolia is the most ex- 
tensively pigmented. Within the confines of this race 
the so-called typical form (Fig. 4.A) is decidedly pre- 
dominant (Table 6). Alaska, Canada, the northern, 


TABLE 6 
RELATIVE FREQUENCY OF THE DIFFERENT PATTERNS IN Coccinella transver- 
soguttata (IN PER CENT.) 


Darker than 
Bands partly 
broken into 
separate spots 
11 separate 

0 to 9 sepa- 
rate spots 


Tomsk Province 
Yenisseisk Provinee ....... 
Irkutsk Province 
Amur Province 
Tannu-Tuva (Urjanch Prov.) 
Northern Mongolia 
Central China (Ala-Shan, 
Kan-Su Provinces) 
Sungaria 
Semirechensk Province 
Chinese Turkestan 
Tibet 


central and the eastern parts of the United States are 
occupied by a race the elytral pattern of which differs 
from that of var. typica by the absence of the spot lying 
near the external border of the elytron (Fig. 4B). In- 
dividuals having the pattern represented in Fig. 4B 
occur, however, also in the southern part of Siberia and 
in Mongolia. Likewise, the pattern shown in Fig. 4 A is 
not rare in Canada and in northern United States. In 
the western United States a progressive reduction of 
pigmentation is observed as one proceeds in the south- 
westerly direction. The transverse bands forming the 
pattern of var. typica disintegrate into separate spots; 
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5 

Fic. 4. A-—E—various patterns of Coccinella transversoguttata Fald.; 
F-K—Coccinella trifasciata L. 


the resulting pattern is shown in Fig. 4C (var. nuga- 
toria). Var. nugatoria is as frequent, or more frequent, 
than the typical form in Utah, New Mexico, Arizona and 
California. In Mexico var. nugatoria seems to be decid- 
edly predominant. 

The process of depigmentation takes place also in Asia 
as one proceeds from eastern Siberia in the southwesterly 
direction (Table 6). A pattern rather similar to that of 
var. nugatoria (eleven widely separated black spots, 
Fig. 4D) is found in some specimens from Mongolia, 
and becomes the predominant pattern in central China, 
Sungaria and the adjacent mountain ranges. The depig- 
mentation progresses still further in the Tyan-Shan 
mountains, Chinese Turkestan and in Tibet. Some indi- 
viduals found in these countries have less than eleven 
black spots. Races living in Central Asia and in south- 
western United States are, thus, more similar to each 
other than either of them is to the Siberian and the 
Canadian races. 
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Similar phenomena are observed in Coccinella trifas- 
ciata L. and Coccinella nivicola Men. (Fig. 4 F—-K and 
Fig. 5 A-D, respectively). The typical form of Coc- 
cinella trifasciata (Fig. 4F) constitutes nearly 100 per 
cent. of the population in Siberia, most of Canada (except 
British Columbia) and most of the United States (except 
the Pacific Coast). In the southern parts of Siberia and 
Mongolia the transverse bands forming the typical pat- 
tern become narrower, and show a tendency to disin- 
tegrate into separate spots. The same tendency finds a 
much stronger expression on the Pacific Coast of 
America, west of the Cascades and Sierra Nevada. In 
British Columbia, Washington and northern Oregon the 
patterns shown in Fig. 4J and K predominate. In 
southern Oregon and northern California the pattern 
4G is the most frequent one. In the San Francisco 
region the patterns 4 H and I are the commonest. 

Coccinella nivicola Men. is represented in Siberia by 
the variety having broad black bands (Fig. 5A). In 
Canada and northern United States lives a race (var. 
monticola) having narrower bands (Fig.5 B). A similar 
narrow-banded race is found, however, also along the 
southern boundary of the area occupied by the species 
under consideration in Asia (western Mongolia, Sun- 
garia, northern Tyan-Shan). In America, between the 
Rocky Mountains and the Pacific Coast the depigmenta- 
tion progresses still further. The bands become narrow 
and disintegrate into spots (var. alutacea, Fig.5 C). In 
the deserts of Utah and Nevada the lightest race (Fig. 
5D) is found. 

The behavior of the two closely related species, the 
American Coccinella novemnotata Herbst. and the Eur- 
asiatic Coccinella divaricata Ol. is remarkable. In 
southern California (Los Angeles region) lives the un- 
spotted Coccinella novemnotata var. franciscana (Fig. 
3F). In central California (San Joaquin valley), Ari- 
zona and New Mexico the unspotted form occurs together 
with individuals having from one to nine small black 
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Fig. 5. A-—D—Coccinella nivicola Men. A—Coecinella nivicola Men. 
type form; B—Coccinella nivicola Men. var. monticola Muls.; C and D— 
Coccinella nivicola Men. var. alutacea Csy.; E—Anatis ocellata L. var. bi- 
color Ws.; F—Anatis ocellata L. var. typica; G—Anatis ocellata L. var. 
hebraea L. 


spots. Oregon, Washington, British Columbia and the 
states lying between the Sierra Nevada and Rocky Moun- 
tains are inhabited mainly by var. degener (Fig. 3 H, 
nine small spots). In Canada and in states lying east of 
the Rockies lives the typical form of the species (Fig. 3 B, 
nine large spots). In the eastern and southern states 
individuals with some of the spots fused are rather com- 
mon (Fig. 3 A). 

In eastern Siberia a variety of Coccinella divaricata is 
found (Table 7) which is similar in appearance to the 
typical form of Coccinella novemnotata (Fig. 3B). In 
Transbaikalia about 20 per cent. of individuals have some 
of the spots fused together. West and southwest of 
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TABLE 7 


RELATIVE FREQUENCY OF THE DIFFERENT PATTERNS IN Coccinella divaricata 
(IN PER CENT.) 


(distincta) 
(domiduca) 
(intertexta) 


(typica) 
spots confluent 


Some of the 


Kiev ... 
Transcaucasia 
Semirechensk Province 
Tomsk Province 
Irkutsk Province 
Transbaikalia 

Northern Mongolia 


Lake Baikal specimens with fused spots become less fre- 
quent, and there appear specimens having the typical 
pattern of Coccinella divaricata (Fig. 3 C, seven instead 
of nine spots). The typical pattern predominates in 
western Siberia and in Europe (Table 7). The material 
available from Transcaucasia is very small; it shows, 
nevertheless, conclusively that in the region just named 
lives a very light race of Coccinella divaricata. Most of 
the individuals coming from Transcaucasia have only five 
rather small spots (Fig. 3D). In southern Turkestan, 
where one might expect to find the least pigmented race 
of the species, Coccinella divaricata does not occur, or at 
least has not been found there. 


ALLEN’s RULE 


There is observed a marked concentration of the 
scarcely pigmented varieties in Turkestan, Iran, Califor- 
nia, Arizona and Mexico. These countries can be de- 
scribed as centers of light forms. The further a region 
is removed from these centers the darker is the average 
type of the population found therein. The pigmentation 
in most species increases roughly proportionally to the 
distance between a given region and the centers of light 
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forms. In eastern Siberia, which is very far removed 
from both the Eurasiatic and the American centers of 
light forms, a center of darkly pigmented forms is found. 

These are the facts. The causation of these facts is, at 
present, a matter of speculation. Attention is naturally 
drawn toward the analysis of the geographical, and pri- 
marily climatical, conditions encountered in the countries 
in question. The pigmentation of the Coccinellidae 
seems to be related to the degree of humidity, and, pos- 
sibly, to the temperature, prevailing in a given region. 
The depigmentation takes place in the arid, hot, and 
desert regions of both Eurasia and America. The humid 
and cold climate of northeastern Asia produces an in- 
crease of the pigmentation. The réle of humidity seems 
to be more important than that of temperature since the 
increase of pigmentation is observed in some species 
(Coccinella septempunctata, see Dobzhansky and Sivert- 
zev-Dobzhansky 1927, also in Adonia variegata) in humid 
but otherwise so different countries as northeastern 
Siberia, Japan, northern Europe, Abyssinia and Hima- 
laya. 

The rule of the depigmentation in arid regions, and of 
the accumulation of pigment in humid regions, is well 
known under the name of Allen’s rule (or Gloger’s rule, 
see Rensch 1929, or even the erroneous name of Allen’‘s 
law). This rule holds true in many groups of terrestrial 
Vertebrata and Invertebrata. The results of Sumner 
(1920, 1924, 1925) in mice, Gornitz (1923) in birds, Zim- 
mermann (1931) in Vespidae, and Netolitzky (1931) in 
Carabidae may be quoted here as examples. Together 
with a series of other rules describing the relations be- 
tween various characteristics of the organisms and the 
environmental conditions predominant in their habitat 
(Rensch 1929, Turesson 1922, 1928, 1930, Alpatov 1925, 
Netolitzky 1931), Allen’s rule represents one of the broad 
generalizations brought to light by the comparative 
studies on variation. 

It must be, however, emphasized that Allen’s rule is 
nothing more than a statistical rule which holds true only 
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as far as the majority of the species and the major sub- 
divisions of the continents are concerned, and which can 
not be stretched to cover all known cases of variation. 
Thus, the region of the predominance of the light races 
of Coccinellidae in America includes the entire Pacific 
Coast from Mexico to British Columbia, although the 
northern part of this region (from British Columbia to 
Oregon) can not be classed as arid. The ‘‘centers’’ of 
light forms in different species include different regions. 
Thus, the population of Adonia variegata inhabiting 
Chinese Turkestan (the Tarim depression) is nearly as 
dark as the Siberian population and distinctly darker 
than the race living in Iran and Russian Turkestan. In 
Synharmonia conglobata, Coccinella transversoguttata 
and many other species the races inhabiting Chinese 
Turkestan are the lightest known in these species, there 
being no difference in this respect between the Tarim 
depression and Russian Turkestan, but a striking differ- 
ence between the former and Siberia. 


ARE THE VARIATIONS IN THE CoLor-PATTERN INHERITED? 


The question as to whether the color-patterns are in- 
herited is obviously important for any attempt to evalu- 
ate the facts presented above. There exist some experi- 
mental data bearing on this question. Johnson (1910) 
studied the inheritance of the variations in the color- 
pattern of Hippodamia glacialis, Hippodamia conver- 
gens, Hippodamia spuria, Coccinella novemnotata, 
Adalia frigida and Epilachna borealis. Though his data 
are unsatisfactory from the standpoint of modern genet- 
ics, they leave no doubt that even minor variations in the 
color-pattern of these species are hereditary. Timber- 
lake (1922) studied the inheritance of three patterns in 
Coelophora inaequalis and of three patterns in Cheilo- 
menes sexmaculata. It is clear from the data presented 
by Timberlake that in the first of these species triple 
allelomorphs are involved. In the Cheilomenes case 
Mendelian inheritance is also at hand, although the 
author does not think so. 
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Lus (1928) made a careful and extensive study on the 
inheritance of the numerous color-patterns found in the 
populations of Adalia bipunctata and Adalia decempunc- 
tata inhabiting northern Russia and Turkestan. The 
existence of at least three loci concerned with the colora- 
tion is established in the former of these species. A 
series of at least eight multiple allelomorphs determines 
the color-pattern of the elytra and, partly, of the pro- 
notum. Another gene determines the pattern of the 
pronotum only. A third factor, encountered only in the 
population living in Turkestan, transforms the black 
pigment into a brown one. In Adalia decempunctata 
triple allelomorphs for the pattern of the elytra and the 
pronotum, and an independent gene for the black versus 
the brown pigment were found. 

Timoféeff-Ressovsky (Proceed. VI Internat. Congress 
of Genetics, 2, pp. 230-232, 1932) has published a prelimi- 
nary account on his work on the geographical races of 
Epilachna chrysomelina F. He concludes that the geo- 
graphical races in this species differ from each other in 
complexes of genes; that these genes may be geographi- 
cally distributed independently from each other; that the 
races may be characterized by the different frequencies 
of the different genes in the population; and that not 
single genes but rather some ‘‘harmonic’’ gene combi- 
nations have selective values under a given set of geo- 
graphical conditions. The results of Timoféeff-Ressov- 
sky are, thus, in a perfect agreement with the views 
expressed in the present paper. 

The hereditary nature of some of the variations of the 
color-pattern in Coccinellidae may be sometimes proven 
by indirect evidence. In a multitude of species individ- 
uals having very different patterns occur together, in the 
same locality, and at the same season. There is no indi- 
cation that the relative frequency of the different pat- 
terns in the population undergoes pronounced changes 
with seasons, though many species have more than one 
generation per year, and the different generations de- 
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velop under dissimilar external conditions. As men- 
tioned above, the variability in many species is discon- 
tinuous, so that the population is frequently divided into 
a number of distinct forms, the intergradations being few 
or absent. These facts taken alone would not afford an 
entirely conclusive proof of the hereditary nature of 
variability. Cases are known (in Forficula, Diakonov 
1926) in which a sharply bimodal variability is due 
entirely to external influences coupled with a complex 
norm of reaction. In Coccinellidae such phenomena are, 
however, not known, and, on the contrary, in every case 
tested experimentally the variations proved to have a 
genetic basis. 

It is, of course, impossible to deny that some of the 
minor variations in the color pattern may be purely 
phenotypical. This is especially true for varieties which 
are never or only seldom found in the same locality. But 
all the data available argue against the assumption that 
the phenotypical variation is an important component of 


either the geographical variability or the variability in 
populations living in the same region. It is interesting 
in this connection that the temperature influences applied 
to pupae and prepupae of various Coccinellidae mostly 
fail to produce appreciable changes in the patterns 
(Johnson 1910, and unpublished results of the writer). 


ContTINUOUS AND DisconTINUOUS VARIABILITY 


As mentioned above, the variability in many species of 
Coccinellidae is nearly or completely discontinuous, that 
is to say, the intergradations between different color- 
patterns encountered within a single species are few or 
absent (see also Dobzhansky 1924). This fact makes it 
not only convenient but even necessary to consider the 
geographical variability in terms of the relative frequen- 
cies of the various patterns in the different parts of the 
specific area. Instances of discontinuous variability are 
met with not uncommonly in different groups of animals 
and plants (one may mention here only the classical work 
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of Bateson, 1894). It.is, however, known to every one 
who is sufficiently acquainted with the taxonomy of any 
group, that cases of continuous geographical variability 
are also frequent, and in most groups probably even more 
so than cases of the opposite kind. Races inhabiting 
remote parts of the specific area may be sharply distinct 
from each other, and no individuals with the character- 
istics of the other race may ever occur within the confines 
of each race. These races may be, however, connected 
with each other by a series of intermediate races living 
in geographically intermediate regions, and forming a 
‘‘sliding passage’’ (‘‘gleitende Ubergiinge’’) between the 
two extremes (Rensch 1929). 

Within the family Coccinellidae both types of geo- 
graphical races, and also types intermediate between 
them, are abundantly represented. In Coccinella sep- 


TABLE 8 
SIZE OF THE DiscaL Spot 1N Coccinella septempunctata 


Mean value 


39.18 + 1.23 
Algeria 38.82 + 0.73 
38.85 0.54 


Crimea 
Transcaucasia 


North Persia ....... 


37.77 + 0.67 
35.55 + 0.97 
33.12 + 0.95 


Transcaspia 35.64 + 0.74 
East Bokhara 32.64 + 0.70 
Samarkand 32.43 + 0.76 
East Ferghana 33.06 + 0.73 
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Yenisseisk Province 39.57 + 0.76 
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Korea 47.49 + 1.32 
Ordos 41.31 + 1.10 
Kamchatka 56.13 + 0.72 
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Japan 66.22 + 1.67 
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tempunctata L. the size of the black spots on the elytra 
is different in various regions inhabited by the species. 
Some of the data bearing on the question are presented in 
Table 8 (according to Dobzhansky and Sivertzev-Dob- 
zhansky 1926). For each region the mean diameter of 
one of the spots (expressed in units of the eyepiece- 
micrometer, one unit being equal to 26.3 micra), the 
amplitude of variation (Lim), and the number of indi- 
viduals measured (n) are indicated. 

The spots are smallest in the populations inhabiting 
Persia and the southern part of Turkestan. As shown 
above, this region is one of the centers of light forms. 
The further a region is removed in any direction from 
this center, the larger becomes the average size of the 
spots in the population inhabiting this region. The 
maximum size of the spots is observed in Japan and the 
Pacific Coast of Siberia. This, as we know, is the center - 
of the dark forms. It is noteworthy that the discon- 
tinuous geographical variation is also observed in Cocct- 
nella septempunctata. The confluence of the spots is 
frequently observed in Himalaya and in India, less fre- 
quently in Japan, and very seldom in any other region. 
The disappearance of spots is encountered mainly in 
Persia and Turkestan. 

In Coccinella novemnotata (Fig. 3 A, B, E, F) the spots 
are largest in the population inhabiting the southeastern 
United States. The size of the spots becomes progres- 
sively smaller as one proceeds in the westerly direction ; 
between the Rockies and Sierra Nevada, and also in 
Oregon, races are found (var. degener, Fig. 3 EK, and var. 
oregona) having small spots. In middle California (San 
Joaquin Valley) a race is found in which most individuals 
have no spots (see the discussion of this point above) ; a 
few individuals still possess spots, but the size of these 
spots is very small. . 

Some taxonomists are inclined to see a sharp contrast 
between the continuous and the discontinuous types of the 
geographical variability, and to consider these two types 
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as the manifestations of two separate principles, namely 
the environmental and the germinal variability. A 
simple analysis may show this contrasting to be entirely 
fallacious. Provided the racial traits are hereditary 
(and this is amply proven in a series of cases), the only 
distinction between the two types under consideration is 
that between hereditary factors producing minor changes 
or, else, easily classifiable differences in the external 
characteristics of an organism. The practice of the 
geneticists shows that the so-called qualitative differ- 
ences, especially differences in colors and patterns, are 
usually inherited on a monofactorial or a simple poly- 
factorial basis. On the other hand, the so-called quanti- 
tative characters, especially those involving the size or 
the shape of the body or of its parts, are more frequently 
determined by the interaction of numerous factors. Each 
of these numerous factors taken alone produces only a 
small effect, sometimes discoverable only by statistical 
methods (Sumner, 1930). Here, again, no two distinct 
types of inheritance are involved. The number of genes 
concerned in the production of size- and shape-differ- 
ences may be very small, and color-differences may de- 
pend upon the interaction of numerous factors. The 
distinction between the continuous and the discontinuous 
types of variation is, then, analogous to that between the 
simple mendelian inheritance on one hand and the so- 
ealled ‘‘blending’’ inheritance on the other. Most ge- 
neticists agree nowadays that the latter distinction is en- 
tirely spurious. 

In eases of discontinuous variability the differences be- 
tween the geographical races may be expressed in terms 
of the relative frequencies of genes responsible for the 
production of various patterns in the different localities. 
What we are studying is essentially the geography of 
the genes responsible for the different patterns, and not 
the geography of the patterns themselves (the ‘‘geno- 
geography,’’ Serebrovsky, 1927). Bernstein (1925a, 
1925b, 1930) studied in these terms the geographical dis- 
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tribution of certain hereditary characteristics in man, 
mainly that of the blood-groups. It is quite possible to 
visualize also the continuous geographical variation be- 
ing represented in exactly the same way (the contrary 
opinion was expressed among others by Rensch, 1929). 
Let us suppose that each of the genes A, B and C in- 
creases the size of the spots in Coccinella septempunctata 
by a certain small value. The entire population of this 
species living in Japan may have the genetic structure 
AA BB CC; henee, the spots are very large. In Kam- 
chatka only a part of the population may be AA BB CC, 
and the other part AA BB Ce and AA BB ce; the average 
size of the spots in the Kamchatkan population must be, 
then, smaller than in the Japanese population. In Mari- 
time Province individuals of the structure AA Bb ee and 
AA bb ce may also occur; the average size of the spots 
must be still smaller. Finally, in Persia and southern 
Turkestan the majority of the population, or even the 
entire population, may be aa bb ee, and hence, have very 


small spots. It is obvious that if a character distin- 
guishing geographical races has a genetic basis similar 
to that just outlined, the intergradations between these 
races may be as gradual and ‘‘sliding’’ as the absence 
of the natural barriers separating these races from each 
other may allow. 


GEOGRAPHICAL AND NON-GEOGRAPHICAL VARIABILITY 


Many taxonomists place a considerable emphasis on 
the distinction between the geographical and the non-geo- 
graphical variability. The geographical forms are those 
which predominate in a definite part of the area inhabited 
by the species, and never or only seldom occur outside 
of the confines of this part. Such forms are termed sub- 
species, races, natio, varieties, or ‘‘local’’ forms. The 
non-geographical forms, termed aberratio, phases, mu- 
tants or simply ‘‘forms,’’ occur more or less regularly 
in the entire area of the species, or in a part thereof, but 
their occurrence does not constitute a clear distinction 
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between populations inhabiting different regions (Seme- 
nov-Tian-Shansky, 1910). 

No less importance is ascribed to another distinction 
between the geographical and the non-geographical 
forms. The former are characterized by complexes of 
differences permeating the whole body. The latter differ 
from each other by often striking but single characters 
(Rensch, 1929). Jordan (1905) has given an especially 
concise analysis of the situation as applied to insects. 
According to him, the geographical forms differ from 
each other usually, or at least frequently, in the structure 
of the genitalia as well as in external characteristics, 
these two kinds of differences being correlated with each 
other. The non-geographical forms do not possess such 
correlative alterations in the genitalia. 

As far as these ideas represent merely generalized 
statements of the facts accumulated by the prolonged ex- 
perience of the taxonomists with their material, they are 
highly valuable. Indeed, they describe accurately the 
situation encountered in most groups. The geographical 
races in Coccinellidae differ from each other as a rule 
not only in the relative frequencies of the different pat- 
terns encountered in the different regions, but also in the 
size and the shape of the body, the punctuation of the 
elytra, and other characters the variability of which is 
continuous. The structure of the genitalia is not, as a 
rule, a good racial character in Coccinellidae, but some 
races do differ from each other in the structure of the 
genitalia. Thus, the shape of the receptaculum seminis 
is different in the European and the eastern-Siberian 
races of Thea vigintiduopunctata. It is, however, pre- 
posterous to consider on these grounds the geographical 
and the non-geographical variability to be two separate, 
independent, and perhaps even conflicting processes. 

In spite of the scarcity of exact data on the genetics 
of geographical variability, some of the main features 
of this phenomenon are clear enough. The geographical 
races in man and in the domestic animals and plants 
differ from each other mostly in more than a single gene, 
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and usually in many genes. The same is true for the 
geographical races in wild species. Indeed, Sumner 
(1930) found that the differences between the geograph- 
ical races of mice are determined by numerous genes. 
‘As to the specific differences, which since the time of 
Darwin have been considered to be merely exaggerated 
racial ones, the situation is still more clear. Species 
differ from each other always in many genes. 

On the other hand, the differences between the non- 
geographical forms, however striking they may seem to 
our eyes, are predominantly monogenic. A change in a 
single gene may provoke alterations in many characters 
and in different parts of the body, but one or a few of 
these alterations are, as a rule, far more conspicuous to 
our eyes than the rest of them. Hence, the differences 
between geographical forms involve usually many char- 
acteristics, while those between the non-geographical 
forms are restricted to few characters. This distinction 
between the geographical and the non-geographical 
forms seems to follow from the very nature of things. 
A segregation of a panmictic population into two groups 
differing from each other in a complex of genes encoun- 
ters considerable difficulties on its way. As soon as such 
two groups start to interbreed, the genes concerned will 
tend to become distributed in the whole population at 
random, unless some exceptional conditions (found, for 
instance, in Oenothera) prevent it. The formation of 
such groups becomes more probable if they are at least 
partly isolated from each other by geographical, eco- 
logical or seasonal factors. The geographical isolation 
seems to be, at least in most animals, the most important 
kind of isolation contributing toward the splitting of a 
Linnean species into minor units. 

The present analysis of the geographical wariation in 
Coccinellidae deals with the behavior of a single char- 
acter, namely that of the color-pattern. This particular 
character and this particular group seem to be espe- 
cially favorable for an exact study because the variability 
in this case happened to be discontinuous. As far as this 
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character is concerned, there is no essential difference 
between the non-geographical and the geographical vari- 
ation. In fact, they seem to be merely two stages of the 
same process. The study of the behavior of the char- 
acters the variability of which is continuous is for purely 
technical reasons more difficult. There is, however, no 
ground to assume that the behavior of the latter kind of 
characters is in any respect different from that of the 
discontinuously variable characters. 

An analysis of the mechanism of the formation of the 
geographical races and species ought to begin with a 
study of the behavior of the single characters distinguish- 
ing the different forms from each other. Only subse- 
quently can one study the interaction of the unit-char- 
acters in the complex systems representing the types 
with which taxonomy is primarily concerned. 

It would lead us too far to discuss here the possible 
causes of the differentiation of the species into races dis- 
tinguished from each other by the relative frequencies of 
the different biotypes. Three explanations may be men- 
tioned here. First, an originally homogeneous popula- 
tion extending its geographical distribution may become 
differentiated in accordance with the environmental con- 
ditions prevailing in the different parts of the area. 
Second, various biotypes may arise by mutation; the 
mutations may be equally frequent in all parts of the 
specific area, but some of them may become established 
and others rejected by the natural selection. Different 
mutations may be favorized in different regions. Third, 
the phenomena observed may be partly accounted for by 
assuming a hybridization of two or more preexisting 
races each of which, before the hybridization began, was 
characterized by a definite color-pattern or patterns. In 
any case, there is no need to assume that the color-pattern 
itself is the character with which the natural selection is 
working. The accumulation or the reduction of the 
amount of pigment produced in the organism may be re- 
sponsible for an alteration of its physiological character- 
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istics, and make it more or less adapted to the environ- 
ment encountered in a given region. 
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Eary in the investigation of radiation effects, differ- 
ences in the susceptibility of tissues and cells were recog- 
nized and changes in sensitivity noted. Observations by 
different investigators are, however, still somewhat con- 
tradictory at the present time, and there has been no ade- 
quate explanation to account for relative resistance or 
sensitivity. Such confusion is not surprising, since sec- 
ondary responses to irradiation greatly complicate the 
final effect. 

In general, rapidly growing tissues have been thought 
to be particularly susceptible, an observation closely 
bound up with the fact that during mitosis cells are more 
easily injured by agents of many different kinds, 2.e., 
temperature, chemicals, etc., as well as by irradiation. 
As early as 1906 Bergonié and Tribondeau concluded 
that susceptibility varied directly with reproductive 
capacity and indirectly with the degree of differentiation 
of the cells, formulating the first law of radiation 
therapy. Curtis (’28) observed in work on Planaria that 
undifferentiated formative cells readily succumbed upon 
exposure, although the animal itself might continue to 
live for some time. 

Cells undergoing division are considered highly sus- 
ceptible, although there is a wide divergence of opinion 


1The expenses incurred in connection with the work reported in this 
paper were defrayed in part by a grant from the Committee on the Effects 
of Radiation upon Living Organisms of the National Research Council. 
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as to which is the critical mitotic phase. Vintemberger 
(’28) coneludes that susceptibility gradually increases 
as mitosis proceeds and then falls sharply at the tele- 
phase. Strangeways and Hopwood (’26), studying the 
effects of x-rays upon mitotic divisions im vitro, con- 
sidered the brief period of organization just before 
division the high point of sensitivity, while Regaud, in 
23, recorded two maxima during the process itself, the 
prophase and the anaphase. 

Cytological studies and genetic experiments both give 
evidence that some particular part of a cell may be 
altered while the remainder suffers no perceptible dam- 
age. Jannson, in ’27, observed profound modifications 
of the nuclei of cells after exposure—fragmented and 
misshapen chromosomes, attachment of the division 
halves by chromatin bridges, ete. Although the con- 
tinuance of development is impossible where injury is 
severe, Strangeways and Hopwood (’26) have found that 
when a cell is irradiated after the mitotic process has 
been initiated, the division continues in spite of injury. 
Canti and Donaldson (’26) also studying the effects of 
radiation on mitosis 7 vitro, found that even a brief 
exposure to the gamma-rays of radium prevented cells 
which were about to divide from beginning the process. 
Unless, however, irradiation is long-continued or very 
intense, most cells suffer no visible injury but begin to 
divide again after a short recovery period, giving no evi- 
dence of permanent harm. In tissue culture work in 
which these phenomena have been observed to particular 
advantage, the temporary check in cell division is fol- 
lowed by a considerable increase in the number of divid- 
ing cells. (Regaud, Lacassagne and Jovin, ’25.) 

This return to activity after relatively slight exposure, 
and the fact that in tissues or cells under irradiation 
some part wil! respond more quickly than another, form 
the basis of the entire field of those genetic experiments 
in which lethal and visible mutations, translocations and 
gene rearrangement have been produced experimentally 
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in an attempt to solve the problem of the causes of varia- 
bility among organisms in nature. 

That internal conditions do affect the frequency of 
mutations produced by irradiation is shown also by such 
observations as the higher rate of induction in mature 
sperm than in adult females and larval males (Muller, 
30). Hanson (’29) and Harris (’29) independently 
found that the rate of lethals from mature sperm was 
five or more times higher than from spermatogonia 
treated in the adult male. Muller (’30) found also a sex 
difference in the rate of mutation under identical condi- 
tions of treatment. It is now generally accepted that 
this differential behavior of the cells under irradiation 
is not due to any selective power of the rays, since all 
parts of the cell and all kinds of cells have about the 
same power of absorption. Whether the cell is affected 
or what part of it is altered seems to depend upon the 
physiological condition at the time of irradiation and on 
the consequent physical and chemical changes. 

With these observations in mind the authors began a 
study of radiation effects in fruit-flies under such vary- 
ing physiological conditions as could be produced experi- 
mentally: (1) Inanition, (2) complete anesthetization, 
(3) rapid versus slow germ cell formation (comparison 
of the effects in virgin and in impregnated females), ete. 


I. Tue Errect or INAnitTion 


(A). Treated males. 


Cultures of wild type Drosophila, already having mini- 
mum food supply, were subjected to overcrowding by 
increase in the perculture population. In these cultures 
both the pupae and the flies hatching from them are very 
small and show obvious signs of starvation. Male flies 
collected from such: cultures were completely starved 
after hatching for a period of eight hours and were given 
one hour’s exposure to 300 milligrams of radium (gamma 
radiation only). The alpha and beta rays were excluded 
by means of a 0.5 mm platinum filter which at the same 
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time allows the passage of 78 per cent. of the gamma 
radiation. Secondary radiation was reduced to a mini- 
mum by filtration through a layer of Columbia paste 
1 em in thickness. The flies were enclosed for treatment 
in thin gelatin capsules. Following treatment these 
starved males were mated to well-fed C1B females of 
the stock. 

The results obtained differ significantly in two respects 
from those of unstarved treated controls: sterility of the 


TABLE I 
SHOWING THE PERCENTAGES OF STERILITY AND LETHAL MUTATION FoLLow- 
ING IRRADIATION OF DROSOPHILA AFTER STARVATION AS COMPARED 
WITH UNSTARVED CONTROLS 


Total Total 
Genera- Exposure No. Treated No. 


tion Cul- Cantons Cul- Difference 
tures tures 


Signifi- 
cance 


Treated 
Males Per cent. of Sterility 
4.8036+0.2845 500 8.9887+1.4451 178 -4.1851+1.3862 3.01xp.e. 
F 


"1.3333-+0.1997 1500 3.6923+0.4988 650 -—2.3590+0.5373 4.31xp.e, 


Per cent. of Lethal Mutation 
F,xF, 
4.8814+0.3716 1475 9.7444+0.7980 626 -—4.8630+0.8977 5.42xp.e. 


Treated Per cent. of Sterility 
Females 
3.8000+0.3262 1370 8.000+0.4724 1500 -4.2000+0.5740 7.32xp.e. 
Per cent. of Lethal Mutation 
3.8113+0.3399 1318 8.4782+0.5085 1380 -4.6669+0.6016 7.75xp.e. 


Total number of initial single-pair matings on which these figures are 
based: Series of Treated Males, 3,143; Series of Treated Females, 3,525. 
Sterility tests are additional to these figures. 


parent and F, generations and lethal mutation rate. 
Mortality in the parent generation, based on the number 
dead by the second day after exposure was high: 11.40 
per cent. + 0.958 in a total of 500 P, cultures, as com- 
pared with no mortality in the controls. This high rate 
of post-irradiative mortality is indicative of the severity 
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of the starvation, 11.40 per cent. being unable to survive 
the combined effects of inanition and irradiation. The 
percentages of sterility in both generations and the rate 
of lethal mutation were significantiy lower. As in the 
experiments dealing with equivalent dosages (paper in 
press at the time of this writing), these sterility values 
are absolute, representing complete sterility. Sterility 
tests were carried out in the same manner as before. It 
is interesting to note that here also, as in the proportion- 
ality experiments, the amount of sterility occurring in 
the second generation is approximately one half that in 
the treated generation. In Table I these percentages are 
compared and their differences are given. Figure 1 
shows the results graphically. 


‘ Figure I. Showing Percentages of Sterility and Mutation. 
g S = Exposure after Starvation. 
C = Treated Control. 
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(B). Treated Females. 

First generation bar-eyed females of the cross C1B by 
wild were selected for treatment. Such females, having 
one x-chromosome carrying the C1B factors and one 
x-chromosome the wild-type are heterozygous for the 
lethal character and when mated to the wild type give 
one half the usual number of males in the F,, generation. 
If a new lethal mutation were induced in the chromosome 
bearing the wild-type characteristics, the other half of 
the sons would inherit it and also fail to appear. Pre- 
liminary experiments demonstrated the occurrence of an 
induced lethal in this x-chromosome. 

These F, females were subjected to starvation in 
exactly the same way as the males previously described 
and exposed to the same dosage, 300 milligrams for 1 
hour. The results confirm those obtained earlier with 
wild-type males where the lethal is carried by the F, 
female and detected in the second generation. Here 
again, both the sterility and the mutation percentages 


are significantly lower than those in unstarved treated 


controls. 
Concerning the comparative effects on the two sexes, 
Table II reveals that the mortality, sterility and muta- 


TABLE II 
SHOWING SLIGHT DIFFERENCES IN THE RESULTS OBTAINED WHEN MALES AND 
FEMALES ARE IRRADIATED UNDER IDENTICAL CONDITIONS 
OF TREATMENT 


Percentage of Males Treated Females Treated Difference 


Treated Control 
Sterility ... 8.9887 + 1.4451 8.0000 + 0.4724 0.9887 + 1.5133 
Mutation oo... 9.7444 -—& 0.7980 8.4782 + 0.5085 1.2662 + 0.9462 


Exposure After Starvation 
Mortality ............... 11.4000 + 0.9586 8.6666 + 0.4900 2.7334 1.0724 
Sterility ... 4.8036 + 0.2845 3.8000 + 0.3262 1.0036 + 0.9570 
Mutation . 4.8814 + 0.3716 3.8113 + 0.3399 1,0701 + 0.5036 


tion values are consistently less when females are 
treated, although not significantly so. The differences 
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with their probable errors are given. Muller (’30) has 
found some indication of sex differences, the ‘‘rate of 
induction in mature sperm”’ being ‘‘higher than that in 
adult females. ... ”’ 

Evidence from a number of sources shows that the cells 
of starved tissues undergo division less and less fre- 
quently as starvation continues and then remain in a 
resting condition until degenerative changes set in. This 
mitotic inactivity accompanying inanition has been ob- 
served particularly in work on transplantation and 
grafts, and also in tissue culture work, where normal 
tissue culture cells are deprived of nutritive fluids. Since 
cells initiating the division cycle very infrequently and 
those in the resting phase are less susceptible to the 
effects of radiation, it seems logical to suppose that the 
marked decrease in radiation effectiveness observed in 
the starved tissues in these experiments might be attrib- 
uted to a decrease in mitotic activity. 


SUMMARY 


In two series of experiments, one in which male Dro- 
sophila were treated and one in which females were 
treated, flies hatched from cultures having minimum 
food supply and completely starved for a period of 8 
hours preceding treatment were given an exposure of 
300 milligram hours, gamma radiation only. The results 
obtained differ significantly in two respects from those 
in unstarved treated controls: sterility of the parent and 
F, generations and lethal mutation rate. Mortality in 
the starved parent generation, based on the number 
dead by the second day after exposure, was high as com- 
pared with no mortality in the treated controls. The 
percentages of sterility in both generations and the rate 
of lethal mutation were significantly lower. Possibly 
these results may be explained by the fact that the cells 
of starved tissues are less actively dividing and perhaps, 
therefore, less susceptible to the effects of radiation. 
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appreciation, efforts of Professor EK. Fauré-Fremiet, of 
the Collége de France, in securing laboratory space in 
which to carry on the experimental work and to thank 
him for his constant interest in its progress. We take 
pleasure also in expressing our appreciation to Dr. A. 
Lacassagne, of the Radium Institute, and to the Radio- 
logical Clinic of the Curie Foundation for arranging the 
radium treatments. 


LITERATURE CITED?2 
1. Bergonié, J., and L. Tribondeau 
1906. ‘‘Interprétation de Quelques Résultats de la Radiothérapie et 
Essai de Fixation d’une Technique rationelle.’’ Compt. 
Rend. Acad. Sci., 143: 983-985. 
. Canti, R. G., and M. Donaldson 
1926. ‘‘Effects of Radium on Mitosis in Vitro.’’ Proc. Roy. Soc., B, 
100: 413-419. 
. Curtis, W. C. 
1928. ‘*Old Problems and a New Technique.’’ Science, 67: p. 141. 
. Hanson, Frank Blair, and Florence Heys 
1929. ‘‘Duration of the Effects of X-rays on Male Germ Cells in 
Drosophila melanogaster.’’ AMER. Nat., 63: 511-516. 
. Harris, B. B. 
1929. ‘‘The Effects of Ageing of X-rayed Males upon Mutation Fre- 
quency in Drosophila.’’ Journ. Hered., 20: 299-302. 
. Jannson, Gosta 
1927. ‘*Die Einwirkung der Roéntgenstrahlen auf das Zellproto- 
plasma.’’ Acta Radiologica, 8: 427-461. 
. Muller, H. J. 
1930. ‘‘Radiation and Genetics.’? AMER. NAT., 64: 220-251. 
. Regaud, Claude 
1923. ‘‘A Propos de la Durée d’Application en Curiethérapie et sur 
la Valeur pratique de 1’Index karyokinétique.’’ Bull. de 
l’ Assoc. francaise pour l’Etude du Cancer, 12: 482-487. 
, A. Lacassagne and J. Jovin 
1925. ‘‘Lésions microscopiques Determinées par les Rayons X dans 
1’Embryon de Poulet.’’ Compt. Rend. Soc. Biol., 93: 1587- 
1589. 
. Strangeways, T. S. P.. and F. L. Hopwood 
1926. ‘‘Effect of X-rays upon Mitotic Cell Division in Vitro.’’ Proc. 
Roy. Soc., B, 100: 283-293. 
. Vintemberger, P. 
1928. ‘‘Sur les Variations de la Radiosensibilité au course des 
Premiéres Mitoses de Segmentation dans 1’Oeuf de Rana 
Fusea.’’ Compt. Rend. Soc. de Biol., 98: 532-535. 


2In other papers of this series items of the literature list will be referred 
to according to the above numeration. 


ag 


AN EMBRYOLOGIST’S CONCEPTION OF 
VERTEBRATE PHYLOGENY 
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Tue EmpryouocicaL Data 


For a number of years, the writer has been interested 
in a phylogenetic study of vertebrate embryology. That 
embryology throws considerable light on various prob- 
lems concerning the interrelations of the vertebrate 
classes has, of course, been recognized for years, but I 
can not help feeling that some of the strongest lines of 
evidence to be drawn from this field have been consis- 
tently ignored or overlooked. In the following pages, I 
propose to offer a revised phylogeny which better har- 
monizes the known embryological facts, and which is at 
the same time consistent with comparative anatomy and 
paleontology. I have no doubt that I will be criticized 
for the radicalness of my departure from assumptions 
which have passed unquestioned for so long that they 
have acquired a considerable odor of sanctity, but I 
can not allow reverence for the ancient to prevent my 
ealling attention to serious inconsistencies in the ac- 
cepted scheme. 

Of the text-books on general zoology, vertebrate zo- 
ology or evolution, the great majority of those which dis- 
cuss phylogeny describe or diagram the vertebrate 
family tree as being like the scheme drawn in Fig. 1. 
That is, the elasmobranchs are considered as the most 
primitive group (omitting the cyclostomes from the list 
of true vertebrates); these give rise to an ascending 
series of ganoids, amphibia and reptiles in the order 
named, with birds and mammals branching indepen- 
dently from the reptilian stock. The teleosts are re- 
garded as a side branch from the ganoids, lung fishes 
either as a side branch or as a precursor of the amphibia. 

1 Contribution No, 230, from the Zoological Laboratory. 
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Aves Mammalia 


Reptilia 


Teleostei 


Ganoides 


Selachii 


Fic. 1. Vertebrate phylogeny according to the generally accepted scheme 
found in most zoological texts. 


There seems to be more diversity of opinion among 
paleontologists as to the relations between the various 
groups of fishes, although the greater part of the texts 
I have examined in this field follow in general the above 
scheme. Most of them look upon the lung fishes as being 
coordinate with the ganoids; but practically all of them 
agree with the zoological books in placing the elasmo- 
branchs as the ancestors of the fishes and in deriving 
amphibia from a ganoid or dipnoid stock. 

Now let us examine the eggs and ways of development 
of these groups, and see if they will fit into the above 
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scheme of evolution. The most primitive ova, as regards 
yolk content and cleavage, are found in three distinct 
groups: ganoids, lung fishes and amphibia (omitting, of 
course, the specialized caecilians). There is not much 
to choose from among these three groups; each group 
shows as much variation among its members as there is 
among the groups as units (see Fig. 2). All three have 


b. Ceratodus C. Lepidosiren 


§. Cryptobranchus h. Rana lL. Torpedo 
Fig. 2. Cleavage stages of various fishes and amphibia, to illustrate 
points discussed in the text. All surface views except i, which is a cross- 
section. Redrawn after: a—Budgett, b—Semon, c—Kerr, d—Dean, e— 
Whitman and Eycleshymer, f—Balfour, g—Smith, h—Morgan, i—Ruckert. 


ova which are telolecithal, but in which the amount of 
yolk is not excessive, not enough at least to prevent total 
cleavage. The remarkably similar cleavages of the three 
types are followed by gastrulation processes which again 
are but minor variants of a single type (Fig. 3). Fol- 
lowing this, in each case, a larva is produced which we 
may speak of as the tadpole larva. These tadpole larvae 
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Q. Ceratodus b. Lepidosiren wa Acipenser 


d. Amia €. Diemyctylus < Rana 


Fic. 3. Sections through gastrulae of dipnoids, ganoids and amphib- 
ians, to show their essential similarities as pointed out in the text. Re- 
drawn after: a—Semon, b—Kerr, c—Salensky, d—Dean, e—Jordan, f— 
Brachet. 


vary somewhat from group to group, with, however, only 
one fundamental difference separating any of them. 
The general body form is similar in all of them; they all 
have external gills and diphycereal caudal fins; and they 
all have paired appendages which are early used in sala- 
mander and Polypterus to balance the body on the bottom 
when the larva is not swimming by means of the caudal 
fin, but the appendages of the amphibian larva show 
toes, while those of the other groups remain simple lobes 
with fin-fringes around their edges (Fig. 4). Thus early 
in development does the differentiation into finned and 
footed lines make its appearance. 

Now let us consider the embryological fitness of the 
sharks to be ancestors to the amphibian-ganoid-dipnoid 
fraternity. The ganoid egg is representative of all three 
groups; consequently we shall refer to it alone. Simi- 
larly, whatever is said about the embryology of the shark 
applies equally well to all selachians and to the Holo- 
cephali. The ganoid egg is mesolecithal; the shark egg 
is excessively yolk-laden—so much so that the shark egg 
rivals that of the bird in its enormous size and exagger- 
ated telolecithality. The ganoid egg cleaves completely, 
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Polypterus 


b. Ceratodus 


C. Lepidosiren 


» 


d. Cryptobranchus 
Fic. 4. Tadpole larvae of crossopterygian, dipnoids, and amphibian. Re- 
drawn after: a—Budgett, b—Semon, c—Kerr, d—Smith. 


even though more or less unequally; the shark egg has a 
specialized type of meroblastic cleavage. The ganoid 
egg gastrulates largely by the epibolic growth of a dorsal 
blastoporal lip which eventually encloses the more slug- 
gish vegetal pole; the shark blastula gastrulates by invo- 
lution of the margins of a germinal disc. Concrescence 
in the ganoid plays but an insignificant rdle, forming 
only the caudal portion of the embryo; in the shark the 
greater part of the embryo is laid down by the con- 
erescence of the germ ring. If there is any rhyme or 
reason to embryological processes, then the ganoid has 
the simpler type of development, and it is impossible to 
look upon them as having been derived from selachian 
ancestors. 

It may be urged that the ganoids have lost the yolk 
possessed by their ancestors and have simplified their 
development accordingly. The answer to that objection 
is to be found in the placental mammals. Here is a group 
descended from ancestors which possessed heavily yolk- 
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laden eggs, but which at the present time has returned to 
an almost yolk-free condition. Now in the cleavage, gas- 
trulation and notogenesis of the placentates there is an 
endless succession of peculiarities which show their sim- 
plicity to be not primitiveness but a secondary simplifica- 
tion of an original specialized condition. Even if we 
lacked the connecting links afforded us by the Proto- 
theria and marsupials, there would still be no possible 
question as to the derivation of the placentates from a 
telolecithal, meroblastic-egged ancestor. The ganoids 
show no evidences of a comparable simplification of de- 
velopment. Their conditions are truly primitive, not 
derived. 

Another argument against the significance of the more 
primitive ganoid embryology will be the suggestion that 
our modern sharks have become specialized in their 
embryology, while the Paleozoic sharks may have had a 
simple type of development that might well be ancestral 
to that of the ganoids. This objection is of course more 
difficult to refute than the first. Paleoembryological re- 
search, at a distance from the Devonian to the present, 
can claim scarcely more substantiality than a spiritual- 
istic seance. For all that we can prove, Devonian sharks 
may have laid small, holoblastic ova, and all their sur- 
viving descendants may have developed a single type of 
specialized development, but there are one or two other 
lines of evidence which cast doubt on this hypothesis and 
tend to strengthen our original assumption. One of 
these is the fact that holocephalan embryology is essen- 
tially the same as selachian embryology, although the 
two lines diverged during the Devonian, thus making it 
probable that the present type of development must have 
already been established at that time. We will consider 
some other evidences in succeeding paragraphs. 

Having proceeded thus far, let us see how we can re- 
construct our vertebrate tree to harmonize the facts 
brought out in the preceding pages. The result is shown 
in Fig. 5. As our starting point we will fall back upon 
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Aves Mammalia 


Teleostei 


Holocephali Selachii 


Fic. 5. The phylogeny of the vertebrates according to the outline sug- 
gested in this paper. 


the Biogenetic Law and postulate an ancestor (or rather 
an ancestral class) which developed from a mesolecithal, 
holoblastic egg into a tadpole-like adult with swimming 
caudal fin, paired appendages used for balancing on the 
bottom and external gills. This form still appears in the 
ontogeny of amphibian, ganoid, and lung fish, and these 
groups are to be looked upon as descendants of this 
‘tadpole’? ancestor. Since, however, there is no stage 
comparable to the adult ganoid or lung fish in the devel- 
opment of amphibians, the larval stage of one being 
homologous to the larval stages of the others, neither 
ganoid nor lung fish can be looked upon as ancestral to 
the Amphibia. These three groups are of coordinate 
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rank, evolved to somewhat similar degrees of specializa- 
tion but along different and distinct lines of evolution. 
Paleozoic ganoid and stegocephalian were cousins, not 
grandparent and grandchild. 

Even back in the distant days when ganoid and stego- 
cephalian had not yet made their appearance, their 
future début was forecast by the splitting of the ‘‘tad- 
pole’’ ancestors into two factions, one of which ‘‘clove 
the hoof,’’ while the other was content to fringe it with 
fin rays and membrane. The two types of appendage are 
so distinct in their earliest embryological stages to-day 
that this schism must have taken place very early in the 
evolution of the stock. The pentadactyl line formed 
apparently a homogeneous group which gave rise to but 
a single line of evolution. The opposition was less uni- 
fied and their descendants have branched out in several 
directions. We have already mentioned ganoids and 
lung fishes which evolved along somewhat similar lines, 
while some of the ganoids almost paralleled early am- 
phibian evolution, with the exception of the form of the 
appendages. Sometime in the early history of the ‘‘tad- 
pole’’ group, a stock split off and, modifying profoundly 
its embryology by the accumulation of yolk and the en- 
tailed changes in cleavage and gastrulation, became the 
sharks, while an offshoot from it, following a somewhat 
similar line of evolution, formed the chimeras. The em- 
bryology of the shark has of course been profoundly 
modified by the suppression of larval development. It is 
interesting to note, however, that it still shows, while in 
the egg or the uterus, external gills and a diphycercal 
tail. I interpret this to indicate a descent from some 
level of the ‘‘tadpole’’ stock. 


2It should be recognized that the change from larval Polypterus to adult 
is fully as much of a change as that involved in the growing up of, let us 
say, a larval Necturus. We are too used to thinking of the striking meta- 
morphosis that takes place in the anura and the terrestrial salamanders as 
being typical of the whole class. A great part of the phenomena of 
metamorphosis has been acquired since the amphibia became such defi- 
nitely. The perennibranch salamanders alone show the primitive condition. 
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Above the level of the amphibian-ganoid-lung fish tri- 
umvirate, we are once more on solid ground where there 
is but slight difference of opinion as to the relationships 
of the groups. The teleosts are almost universally ad- 
mitted to be an offshoot from the ganoids. They are a 
side branch whick has become highly specialized in egg 
and embryology as well as in adult structure, although 
we can see in Amia and Lepidosteus a foreshadowing of 
the teleostean type of development. From amphibia we 
have had the reptiles arising, and their embryology can 
likewise be easily derived from that of the Amphibia. 
The bird represents merely an extreme specialization 
and exaggeration of the reptile type of development; the 
mammals present the reverse process, a simplification of 
the reptilian type, which has, however, superimposed 
specialization on top of specialization rather than bring- 
ing about a return to primitive conditions. 


EVvImENCES FROM THE Recorps 


We come now to the paleontological evidence. Ap- 
parently the first fossils of true fishes (that is to say, 
omitting the aberrant Ostracoderms) are those of primi- 
tive acanthodian sharks from the Upper Silurian, al- 
though it is sometimes stated that ganoids also made 
their appearance in this period (Zittel, ‘‘Text-book of 
Paleontology,’’ Vol. 2, p. 114). In the Devonian, we find 
two primitive groups of selachians, Holocephali, crossop- 
terygian and paleoniscid ganoids, lung fishes and arthro- 
dires. Also in the Devonian we have the footprint of an 
amphibian, and that footprint implies a form which had 
not only evolved far enough to have a true foot but which 
walked on it. There seems to be good fossil evidence to 
show that the more primitive of the Paleozoic amphib- 
ians were not land forms but were aquatic, with perma- 
nent gills and weak appendages. The beast which walked 
across the Devonian mudflat must then not have been a 
primitive form, but must have been already fairly well 
evolved toward the stegocephalian type. 
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We are accordingly forced to conclude that ganoids, 
lung fishes and amphibians came into existence at about 
the same time. We are dealing here with the splitting of 
an ancestral stock into three coordinate and contempo- 
rary lines, rather than with a series of ascending and 
related forms which follow each other in time. This, of 
course, is what we had already concluded from the em- 
bryological evidence, and we are strengthened in our 
belief that the phylogeny expressed in Fig. 5 is essen- 
tially correct. 

The sharks offer more of a problem. The first to ap- 
pear are the extinct acanthodian (spiny-finned) sharks 
which are suspiciously ganoidean in many ways. They 
were in fact classified as ganoids for many years. Wood- 
ward, in the revision of Zittel’s ‘‘Paleontology”’’ places 
them in the Selachii, but as a separate order equivalent 
to all living sharks and rays. In the Devonian we have 
the appearance of a form belonging to another extinct 
selachian order, Cladoselache, besides representatives of 
the Holocephali. True sharks do not appear until the 
Mississippian; they are thus preceded in time of appear- 
ance by crossopterygians, lung fishes and stegocephalian 
Amphibia. 

In view of the above facts we can see what should have 
been evident from theoretical considerations, that the 
group of modern elasmobranchs can not possibly be an- 
cestral to ganoid, dipnoid or amphibian. Nor is it possi- 
ble to think of the most primitive selachian as that ances- 
tor. Cladoselache is recognized by most specialists as 
the most primitive type, but so far as the record goes it 
was not the earliest. The only group which appeared 
early enough to be ancestral to the ganoids is the Acan- 
thodii, and that only if the ganoids did not appear in the 
Silurian, as they are said to have done. Even granting 
the priority of the acanthodians, it is to be remembered 
that they are almost as much ganoid as selachian. Once 
again we would seem to have a divergence into two types 
instead of a sequence of one from the other. 
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It is perhaps significant in this connection to point out 
that the dominant and most highly diversified groups in 
the Devonian were the ganoids, lung fishes and arthro- 
dires. The sharks were insignificant in numbers and in 
versatility, not attaining a dominant position until the 
Mississippian. While this is not proof, still it does offer 
presumptive evidence that the higher groups could not 
have been mere newcomers, recently descended from the 
selachians, but must have been in existence for a long 
time, probably as long as had the elasmobranchs them- 
selves. 

CoMPARATIVE ANATOMY AND THE PAIRED 
APPENDAGES 


The relations between comparative anatomy and the 
suggested phylogeny can be considered from two angles. 
In the first place, we should of course consider whether 
the facts of comparative anatomy are such as to make the 
proposed relationships impossible. Secondly, the theory 
should be examined to see if its acceptance would enable 
us to explain any points which, under our present 
scheme, are obscure or unsatisfactory. It is impracti- 
cable to discuss the first point in any detail in this paper; 
I shall merely make a general remark or two about our 
interpretation of so-called ‘‘primitive’’ characters. Un- 
der the second heading, I shall point out the implications 
of the theory with regard to the evolutionary relation- 
ship between the two kinds of paired appendages, a ques- 
tion which has been a stumbling block for many years. 

With regard to the first point, it is usually assumed 
that the sharks must be ancestral types because of their 
possession of a large number of characters believed to be 
primitive, such for example as the cartilaginous skele- 
ton, exposed gill clefts and lack of air bladder. That 
these are primitive characteristics is, I think, beyond 
question, but I think that it is questionable as to their 
persistence in the shark implying that the selachians 
must therefore be ancestral. It may with equal plausi- 
bility be interpreted as meaning that the sharks are an 
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unprogressive side branch which has retained many 
primitive characters, while more plastic and progressive 
stocks have discarded these and so evolved into the 
higher groups. We see instances where groups which 
are quite evidently not ancestral have retained primitive 
or embryonic characters, for example, the cartilaginous 
skeleton and persistent notochord of the sturgeons. The 
cartilaginous skeleton and exposed gill slits of the shark 
are embryonic conditions which have to be passed 
through before reaching the higher conditions of adult 
teleostomes; their presence is not an evidence of the an- 
cestral position of the shark, but merely shows that in 
those respects the shark has not evolved far. Undoubt- 
edly, the forerunners of shark and of ganoid were both 
cartilaginous, but that is far from saying that these fore- 
runners were identical. They may have been as unlike 
as are present-day shark and sturgeon. The fact that 
the shark has not improved its skeleton while the ganoid 
was developing bone may leave it more primitive, but it 
does not thereby turn it into a forefather. 

As regards the other side of the picture, it would seem 
that an acceptance of the idea that the stocks we have 
been discussing have arisen as independent lines will re- 
move one historic stumbling block from the path of the 
comparative anatomist. No longer will he have to at- 
tempt the thankless task of attempting to derive the 
cheiropterygium from the ichthyopterygium, in the face 
of both embryology and paleontology insisting that a 
foot is a foot and a fin a fin from the beginning on. Obvi- 
ously, of course, there must have been some common 
starting point for the two kinds of paired appendages, 
but this ancestral structure must antedate the develop- 
ment of a definite skeleton. On no other ground can I 
conceive of at least three types of skeleton being evolved 
with apparently no transitional conditions between one 
type and the others. 

These types are as follows: First, we will name the 
pentadactyl cheiropterygium, developed by the pre- 
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amphibian line and passed on by them to all land verte- 
brates; second, comes the shark-crossopterygian type of 
fin which has three basals and many radials. From this, 
by reduction of parts, has been derived the types found 
in other ganoids and in teleosts. Last of the three is the 
biserial fin of the lung fishes with its central axis and 
paired rows of radials. It is interesting to note that one 
group of Carboniferous elasmobranchs (Pleuracanthus) 
has this same type of fin. One of these fin types can be 
derived from the other in theory; actual transitional fos- 
sils are lacking. Neither embryology nor paleontology 
shows any intermediate condition between either fin type 
and the pentadacty] limb, and the multiplicity of theories 
as to the mode of evolution from one to the other is am- 
ple evidence of the lack of any satisfactory hypothesis 
as to how the change might have occurred. 

If instead of holding that the Amphibia have evolved 
from fishes with a fin skeleton already developed, we con- 
ceive of both amphibia and crossopterygian as having 
diverged as independent lines at a time when the skele- 
ton of the paired appendages had not been definitely 
established and specialized, then the necessity of trying 
to account for one in terms of the other vanishes. Dean 
considers that the parallel fin rays of Cladoselache rep- 
resent the primitive type of skeleton, although this group 
of sharks is not known until late in the Devonian. It 
would doubtless be possible to derive both cheiroptery- 
gium and ichthopterygium from that type of appendage, 
and although I do not believe that Cladoselache can be 
looked upon as being primitive enough to serve as an 
ancestral type to the various lines of vertebrates, it may 
yet serve to indicate the sort of unspecialized appendicu- 
lar skeleton which gave the starting point for both foot 
and fin. At any rate, if our hypothesis is true we can 
look upon the foot of the tetrapods as having been de- 
rived, not from any type of fin existing to-day or (with 
the possible exception of Cladoselache) even from any 
known fossilized type, but from some primitive precur- 
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sor of both foot and fin that was so undifferentiated at 
the far distant date when the two lines diverged that no 
homologies can be traced to-day between the two kinds 
of appendages into which that primeval lateral flap of 
skin has evolved. 


THe Hapitat AND EVoLuTION OF THE TADPOLE’’ 
Stock 


It has been suggested for some time (e.g., Chamber- 
lain, 1900) that the commonly accepted idea of the ma- 
rine origin of the fishes might be wrong. Chamberlain 
pointed out that the strata which yielded the earliest 
vertebrate remains were not typical marine deposits but 
were shore-line deposits, or, in many cases, of river or 
swamp origin. The inclusion of some fossils in marine 
strata, particularly in littoral deposits, could be ex- 
plained on the basis of their being washed out to sea, and 
the richest beds, such as the Old Red Sandstone, were 
almost surely of fresh-water deposition. At the present 
time, it is pretty generally agreed that ganoids, lung 
fishes, arthrodires and stegocephalians are usually found 
fossilized in circumstances which argue a fresh-water 
habitat for them. The same seems to be true of acantho- 
dian and pleuracanth sharks, which, as we pointed out 
elsewhere, bear striking points of similarity to ganoids 
and lung fishes, respectively. The other sharks (possi- 
bly excepting Cladoselache) and the chimaeras seem to 
be marine. It is a highly significant fact that among liv- 
ing species all aquatic amphibia, all lung fishes, Polyp- 
terus and most ganoids are fresh-water inhabitants. 
Some sturgeons and one of the gars have become par- 
tially adapted to salt water, but they still return to fresh 
water to spawn. 

On the basis of these facts, I shall speculate a little on 
the possible early differentiation of the vertebrate stock. 
At a very early date, prior to the evolution of the ‘‘tad- 
pole ancestor’’ discussed previously, the vertebrate pro- 
.. genitor must have been a form which looked something 
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like a young shark embryo. It would have had an elon- 
gated form, with a well-developed diphycercal caudal and 
with lateral folds which had already begun to enlarge 
locally to form rudimentary paired appendages. The 
gill clefts were exposed, and the gill filaments were exter- 
nal. In its early development this pre-vertebrate doubt- 
less was somewhat more primitive than our present-day 
salamanders. I am inclined to believe that this creature 
must have lived in fresh water; if not, then some of its 
members must have very early migrated into fresh 
water, for in sluggish streams, in swamps or in lakes it 
evolved somewhere near the opening of the Paleozoic 
into the ‘‘tadpole”’ stage. 

In this evolution we can be sure of certain changes. 
For one thing, the lappets of the lateral folds developed 
into distinct paired appendages and these developed sup- 
porting tissues which in different groups became fin-like 
or hand-like. The external gills changed in form; from 
being separate filaments they took on a branching, tree- 
like arrangement such as we see to-day in young sala- 
manders. A little later the stock began to protect the 
gills by skin folds, and so initiated the operculum. The 
most important change was one which made possible the 
evolution of terrestrial life. The lagoons and swamps in 
which these fresh-water forms developed must have been 
subject to fouling or partial drying up which threw a 
severe strain upon the gill-breathing mechanism of the 
tadpole stock. To supplement the gills, and to tide them 
over critical periods when the lack of oxygen became 
acute, the animals early developed diverticula from the 
fore gut into which air could be gulped and from which 
the oxygen could be picked up by the vascular walls. We 
are justified in this assumption by the universal occur- 
rence of an air bladder connected with the esophagus in 
all primitive living fishes above selachians. When we re- 
member that there exist in living ganoids and lung fishes 
all combinations of dorsal or ventral ducts, single or 
bifurcated diverticula, and smooth or sacculated linings 
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of the diverticulum it is easy to see that there is no mor- 
phological basis for differentiating between lung and air 
bladder. As for the physiological likenesses, it is known 
that lung fishes, Polypterus and Lepidosteus, are able to 
live out of water for hours, the air bladder functioning 
as an efficient lung so long as the air breathed is moist. 
Probably any of our hypothetical ‘‘tadpoles’’ could have 
evolved into air-breathing forms, so far as the respira- 
tory apparatus was concerned. The determining factor 
must have been the possession of pentadactyl limbs 
which made the emergence onto land possible. 

At some time in the early evolution of the ‘‘tadpole’’ 
group a stock split off which was destined to give rise to 
the elasmobranchs. This divergence must have occurred 
at a time when the skeleton of the paired fins was already 
being established, for the skeletal homologies between 
crossopterygian and selachian fins are too exact to be 
accidental, but before the evolution of the swim bladder 
had made any headway. Since the most primitive sharks 
seem to have been of fresh-water habitat, it would seem 
that the early evolution of the stock probably took place 
in fresh water. The group must have penetrated very 
rapidly into salt water, however, and with the appear- 
ance of the true sharks in the Mississippian it became 
definitely marine. 

The successful assumption of marine life by the shark 
tribe was contingent upon, and probably forced by, a 
modification of their embryology. The jelly-like egg 
masses of the amphibia or the small and separate ova of 
the ganoids will develop successfully in sluggish streams 
or in quiet and shallow waters; they would have no 
chance of living in the rough surf of a seacoast. Before 
they could migrate permanently into the ocean the sharks 
must have developed, at least to some extent, the protec- 
tive membranes and egg-laying habits that are successful 
to-day, and along with this they likely showed the begin- 
ning of the yolk accumulation that is so characteristic of 
the modern species. Judging by present-day conditions, 
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however, this specialization of the egg with its accom- 
panying lengthening of development spelled the doom of 
the group as fresh-water forms. Our frogs and salaman- 
ders rush through their embryology with frantic speed to 
complete their development before the pools in which 
they spawn dry up or become too foul in the shallows for 
them to survive. A group which was spinning its embry- 
ological development out to 150 or 200 days would be 
forced to find a new environment in which conditions 
suitable for development prevailed practically the year 
round. Thus the building up of the yolk content, the 
lengthening of development and the evolution of the egg 
capsule not only made it possible for the sharks to be- 
come marine but practically forced them to do so. 

As a result of the migration into oceanic waters, the 
selachians have never evolved an air bladder. We have 
already indicated above that this structure was devel- 
oped to supplement gill breathing in the stagnant 
swamps and poorly aerated pools in which the ‘‘tadpole”’ 
fraternity were evolving. It is thus primarily an organ 
of respiration, as it is exclusively in the tetrapoda; its 
hydrostatic function has been secondarily assumed. 
With the sharks’ migration into the well-oxygenated 
ocean waters the reason for the acquisition of such a 
structure vanished, and it has never evolved in this 
group. Or, it may be that the failure of the sharks to 
develop this accessory organ of respiration was a potent 
cause of their expulsion from their ancestral fresh-water 
home. 


CoNncLUSIONS 


(1) The eggs, cleavage and larvae of the ganoids, dip- 
noids and non-caecilian amphibians are strikingly alike. 
These three groups are to be looked upon as diverging 
branches from a common stock. Ganoids are coordinate 
with amphibia, not ancestral to them. 

(2) The occurrence in ganoids, dipnoids and amphib- 
ians of a common type of tadpole larva indicates the 
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former existence of a class of animals resembling these 
living larvae. This group was ancestral to the three 
modern groups mentioned. 

(3) The highly specialized egg and development of the 
selachians make it impossible to look upon this group as 
being ancestral to the simpler type represented by the 
ganoids, ete. It seems more likely that the sharks arose 
as a diverging branch from an early level of evolution of 
the ‘‘tadpole’’ ancestor. 

(4) Paleontology strongly supports the conclusions 
based upon embryology. Ganoids, lung fishes and am- 
phibians of far from primitive types appeared simulta- 
neously in the Devonian. The first selachian fossils are 
found in the Upper Silurian; these, however, are not 
typical elasmobranchs but are a type intermediate be- 
tween shark and ganoid and referable to either group, or 
neither, with about equal probability. A reasonable in- 
terpretation of the fossil record would seem to be that an 
early fish-like form, not referable to any living group, 
split into: two lines, of which one became the sharks, the 
other again branching three ways to give rise to ganoids, 
lung fishes and amphibia. 

(5) The foot of the tetrapoda has not been derived 
from a ganoid-like fin, since we conclude that ganoids are 
not ancestral to amphibians, but both kinds have been 
derived from a much simpler primitive appendage whose 
skeletal elements had not taken on any specialized ar- 
rangements. The skeletons of foot and fin can not there- 
fore be homologized. 

(6) The early evolution of the vertebrates took place 
in fresh water, the selachian stock migrating into the 
oceans. The forms which remained in fresh water 
evolved an air bladder as an accessory organ of respira- 
tion, and the stock which developed walking legs and was 
able to leave the water evolved the air bladder into true 
lungs. The sharks may have been forced to a marine 
environment partly because they failed to provide this 
means of supplementing the gills, or they may have 
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failed to develop the air bladder because of their figra- 
tion into the well-aerated seas. The specialization of the 
selachians’ embryology likewise played an important 
role, making it possible for them to become marine and 
making it impossible for them to continue breeding in 
fresh water. 
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THE FISHES OF LAKE LANAO: A PROBLEM 
IN EVOLUTION? 


DR. ALBERT W. C. T. HERRE 
STANFORD UNIVERSITY, CALIFORNIA 


OrcGanic evolution, the development of new forms of 
life from previously existing stocks, is a fact taken for 
granted by all scientific men. Yet many fail to recognize 
that the evolution of new species of animals and plants is 
a continuous operation not confined to past geological 
ages, but actually going on during the present era. 

Students of lichens have long recognized that the evo- 
lutionary development of those strange organisms is now 
actively in progress in numerous cases. The most 
marked illustration is the strongly differentiated lichen 
genus Cladonia. This group contains many polymorphic 
and intergrading species, each with a host of varieties, 
which only a little study shows are now in process of evo- 
lution. It is therefore no wonder that Cladonia com- 
prises some of the most puzzling forms known to the 
student of plant life and is perhaps the best example 
extant of evolution under natural outdoor conditions 
here and now. 

For more than a dozen years it has been my lot to de- 
vote a good deal of time to exploring and studying the 
plateau of Lanao, in the great island of Mindanao. 
While engaged in a preliminary reconnaissance of the 
aquatic life of Lake Lanao, for the purpose of helping 
improve the food supply of the more than 90,000 Marinao 
living around the lake, I discovered a unique endemic fish 
fauna. 

Lake Lanao is a sheet of open water covering 145 
square miles, lying at an elevation of 2,100 feet. For 
much of its extent the lake is comparatively shallow; 


1 The Cyprinidae of Lake Lanao are described by Herre in the Philippine 
Journal of Science, Vol. 24, 1924, pp. 249-306 and Vol. 29, 1926, pp. 499- 
502, and in Copeia for October, 1932, pp. 140 and 141. 
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along its northern, eastern and southeastern shores are 
great areas of shoal water with an average depth of four 
to ten meters. Along the western shore it is relatively 
deep and there is deep water from the outlet to the south- 
ern shore directly opposite. A half mile from the outlet 
the lake is 150 feet deep, and this depth increases as one 
goes toward Bayong, 18 miles away on the southern 
shore. Near Bayong the lake has a depth of 900 feet, 
according to the military cable survey. 

At the northwest corner of the lake is its outlet, the 
torrential Agus, which rushes headlong to Iligan Bay 14 
miles away. <A few kilometers from the sea the Agus 
leaps over the Maria Cristina Falls, a jump of 65 meters. 

Mindanao was originally not less than five rather large 
islands, which eventually coalesced to form the present 
great island. Lanao was originally an elevated coral 
reef on which has been superimposed lava and volcanic 
ash to a great depth. Lake Lanao was formed when a 
lava flow dammed up a deep ravine or mountain caiion. 

The fish fauna of Lake Lanao comprises one eel (An- 
guilla celebesensis), one species of Ophicephalus (Ophi- 
cephalus striatus), and seventeen or more species of 
Cyprinidae. The young eels make their way up from the 
sea to the lake, apparently through underground chan- 
nels impassable to other fishes. Such channels can be 
seen at the Maria Cristina Falls, pouring water out 
through the side of the cafion below the falls, and at Lake 
Nunuiigan where the outlet of the lake disappears under 
a mountain, emerging a five hours’ march distant. Ophi- 
cephalus striatus was introduced by man a long, long 
time ago, just as the Malays have done all over Malaysia 
in both historic and prehistoric time. 

The seventeen species of Cyprinidae thus far de- 
scribed by me from Lake Lanao have all descended from 
a single parent stock and therefore present a very inter- 
esting problem in evolution. It is the purpose of this 
paper to present a tentative arrangement of the relation- 
ships of the Cyprinidae of Lake Lanao, and incidentally 
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of all the Philippine Cyprinidae belonging to the genus 
Barbodes, and also to call attention to the remarkable 
opportunity the fishes of Lanao present to the student of 
evolution who wishes to investigate a large scale experi- 
ment now being conducted in one of the recesses of the 
laboratory of Dame Nature. 

First, it is necessary to consider all the Philippine 
members of Barbodes occurring outside Lanao, since 
they are closely related to one another and to the Lanao 
species. 

Barbodes binotatus Cuv. and Val. is unquestionably 
the ancestor of all the Philippine species of Cyprinidae 
here considered. It is a fish of very wide distribution in 
the Malayan Archipelago, occurring from Sumatra and 
Singapore to Lombok and Borneo, and on into the south- 
ern Philippines. In the ancient land bridge now called 
the Sulu Archipelago it found a home in Tawi Tawi and 
Basilan and reached Mindanao, spreading over the whole 
of the latter island with the exception of the isolated 
plateau of Lanao. 

Barbodes binotatus occurs in Mindanao from sea-level 
to an altitude of over a thousand meters in Bukidnon. It 
is a powerful swimmer, able to ascend mountain torrents, 
but is prevented from reaching the Lanao plateau by im- 
passable waterfalls. 

In the days when Sunda Land occupied a large part of 
what is now the South China Sea and Borneo and 
Sumatra were the outlying fringes of this great body of 
land, Palawan and the Calamianes were a part of what 
we now call Borneo. By this land bridge Barbodes bino- 
tatus migrated northward along the eastern shore of the 
China Sea. Later on when Sunda Land sank and the 
northern spur of land narrowed greatly and became the 
detached islands of Balambangan, Balabac, Palawan, 
Culion, Busuanga and Mindoro, the parent stock of Bar- 
bodes binotatus was cut off and isolation was free to 
work. 
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On Palawan, and perhaps elsewhere, Barbodes bino- 
tatus variety palavanensis became differentiated. From 
it in turn arose the following species :—(1) Barbodes ivis 
(Seale), occurring on the islands of Balabac, Palawan 
and Busuanga; (2) Barbodes manguaoensis (A. L. Day) 
and (3) Barbodes bantolensis (A. L. Day), both known 
only from Lake Manguao in northern Palawan; and (4) 
Barbodes hemictenus Jordan and Richardson, known 
only from Northern Mindoro. 

In Mindanao with its heavy rainfall, great rivers, and 
great range Barbodes binotatus was undifferentiated 
over the greater part of the island. The peninsula of 
Zamboanga, without large streams and with little connec- 
tion with the rest of the island, developed the closely 
related species Barbodes quinquemaculatus (Seale and 
Bean), thus far known only from the vicinity of the town 
of Zamboanga and the near-by island of Basilan. Bar- 
bodes montanoi (Sauvage) is another very closely re- 
lated and doubtful species which may not be different 
from B. binotatus. It was obtained by the celebrated 
traveler Montano in 1880, from the Simulao River, an 
eastern tributary of the Agusan River, Mindanao, but 
has not been collected since although I looked for it in 
the Agusan Valley. 

When the Lanao mountain ravine was dammed long 
ago it is self evident that the Cyprinid ancestor of the 
Lanao fishes of to-day was imprisoned in the headwaters 
of the stream. Gradually the mountain stream changed 
to a large lake with a great diversity of conditions, but 
of course there were always swift tributary mountain 
brooks and creeks, in which conditions would remain 
relatively uniform. Manifestly the changing conditions 
in the lake, with all its varied assortment of environ- 
ments, imposed new demands upon the parent stock of 
fishes and eventually various new forms of more or less 
permanence or fixity appeared, some of which survived 
while others may have disappeared. To me, at least, it 
seems that this state of flux or transition for certain 
groups now living in the lake is still in existence. 
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It is not possible to say with absolute finality whether 
Barbodes binotatus or Barbodes quinquemaculatus dwelt 
in the fluvial system which was converted into Lake 
Lanao. The two species are very close, but a study of 
their distribution seems to indicate that a variety or 
rather geographical race of B. binotatus was the original 
inhabitant. I have previously indicated (Philippine 
Journal of Science, vol. 24, 1924, p. 291) that specimens 
from the coastal streams of Lanao, Misamis and Bukid- 
non differ in color and general form from those collected 
elsewhere. 

With the formation of the lake and the isolation of the 
entire plateau, Barbodes binotatus disappeared and in 
its stead appeared Barbodes tumba Herre. This well- 
marked species occurs in mountain streams and lakes all 
over the Lanao plateau, with the single exception 
(whether real or apparent is not yet determined) of Lake 
Lanao itself. I have obtained it from all the other lakes 
of the plateau, from tributaries of the great lake as far 
up as fish can ascend, and in the boiling waters of the 
Agus, outlet of Lake Lanao. 

As Lake Lanao attained maturity, various offshoots 
from Barbodes tumba arose, each with special adapta- 
tions for a particular environment. 

One set of species took up life in the clear blue surface 
water about the great forests of Potamogeton lying off- 
shore in depths of 5 to 15 meters. Here they fed, repro- 
duced and swam about in great schools in the open spaces 
well offshore. A study of thousands of specimens seems 
to show the following named species to form a direct line 
of succession from Barbodes tumba, all living under the 
conditions outlined above: Barbodes amara Herre; Bar- 
bodes lanaoensis Herre; Barbodes lindog Herre; Bar- 
bodes disa Herre. Barbodes lindog is the culmination of 
this series, and from it arose B. disa on the one hand, and 
on the other the singular Spratellicypris palata (Herre). 

Barbodes tumba has also given rise directly to at least 
one species which has become habituated to life at a 
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greater depth than the other Cyprinidae of Lake Lanao. 
Consequently it is rarely seen except after great storms 
at the height of the rainy season, or in midwinter. 
When the waves are rolling unusually high it approaches 
the surface and may be caught in the little gill nets used 
by all Marinao fishermen to catch Cyprinidae from the 
lake. This deep water inhabitant is Barbodes baoulan 
Herre, the most highly prized food fish of the Lanao 
plateau. 

In shallow muddy bays, where the water is a mat of 
vegetation, a real lacustrine jungle, several other species 
have developed. The species living in such places are 
usually blackish or black, or dusky bronze. It is very 
noticeable that life in such a habitat causes most species 
of fish to be highly melanistic. The swampy lowland 
lakes of Cotabato Province, Mindanao, afford excellent 
illustrations of this. Glossogobius giurus, which well 
deserves its Tagalog name of Bia ng puti (usually writ- 
ten Biang puti) or ‘‘ White goby,’’ develops such marked 
melanism in Lake Buluan and the adjacent Liguasan 
Marsh that its blackened condition makes it difficult to 
recognize at a casual glance. 

Another line of evolution from B. tumba has given us 
the pot-bellied little Barbodes sirang Herre, which is 
often entirely black in life. The maximum size of this 
species, 60 mm., is half or two thirds that of the next 
smallest Cyprinidae of Lake Lanao. I discovered B. 
sirang on my last visit to the lake, in July, 1931, and 
know nothing of its habits. 

A line of development entirely distinct from those al- 
ready mentioned has given us Barbodes flavifuscus 
Herre, from which has arisen Barbodes katolo Herre. 
With their very large, clumsy looking heads these two 
species are markedly different from all those previously 
named. The evidence is not conclusive, but I believe that 
Barbodes flavifuscus is an offshoot from Barbodes 
amara. Certainly I can not place it elsewhere with our 
present knowledge. 
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From Barbodes katolo have come two closely related 
genera, Cephalokompsus Herre and Ospatulus Herre. 
Cephalokompsus is distinguished by the possession of a 
continuous postlabial groove on the lower jaw, which is 
not interrupted beneath the chin as in Barbodes and most 
genera of Cyprinidae. The only species is Cephalokomp- 
sus pachycheilus Herre. 

Ospatulus is separated from other genera by its trun- 
cate mandible, which is much shorter than the upper jaw. 
There are two species, O. truncaiulus Herre and 0. 
palaemophagus Herre. 

Barbodes clemensi Herre is a large, thick, robust fish 
which occurs in the lakes of the Lanao plateau, particu- 
larly in Lake Lanao, where it, too, sports about in the 
groves of Potamogeton along with Barbodes lanaoensis 
and Barbodes lindog. It is a handsome fish, dark green 
above and yellow beneath, with a golden or brassy luster 
on its sides. Its size and color at once distinguish it 
from the various fishes whose lines of descent have al- 
ready been traced. Adult specimens will average 175 to 
200 mm., standard length. 

Associated with B. clemensi by its color and general 
appearance, and attaining a still larger size so that it is 
easily the largest of Philippine Cyprinidae, is Barbodes 
manalak Herre, which occurs only in Lake Lanao, as far 
as yet known. Adult specimens measure from 190 to 
more than 250 mm., standard length, and are very bulky 
for their length. 

There is a strong probability that Barbodes clemensi 
and Barbodes manalak arose directly from Barbodes 
binotatus, but it is also possible that they developed from 
Barbodes tumba without any connection whatever with 
the lines culminating in B. lindog or B. katolo. 

The most remarkable of all the Lanao Cyprinidae has 
taken to life in the boiling eddies and swirling mad tor- 
rent of the Agus, the outlet of Lake Lanao. This fish is 
Mandibularca resinus Herre, a genus and species set 
apart from all other Cyprinidae by the development of 
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the mandible. The lower jaw has become an extraordi- 
nary elongated, upward curved, spatula shaped, fleshless 
organ. It is so strange that Dr. David Starr Jordan said 
it might almost be made the type of a new family. This 
species, which is fully as large as Barbodes clemensi, 
probably occurs also in Lake Lanao, but thus far I have 
only seen specimens from the rapids and whirlpools of 
the Agus, some caught by myself and some by Marinao 
anglers. 

The origin of Mandibularca resinus is not very difficult 
to trace, as now and then one finds individuals of Bar- 
bodes clemensi in which the lower jaw suggests the sin- 
gular development so characteristic of Mandibularca. 

Barbodes tras Herre is a peculiar Cyprinid which ap- 
parently is not very closely related to any of the other 
species thus far known from the lake, yet its structure 
suggests that it too is an offshoot from Barbodes flavi- 
fuscus. However this may be, it has evolved in a way 
entirely distinct from any of the others mentioned. 

While working out the above-named forms, I have 
encountered many anomalous individuals which can not 
be placed with any certainty. Some are apparently hy- 
brids, others seem to be valid species but more and better 
material is needed to determine their status. Some indi- 
viduals, especially those belonging to the highly melanis- 
tic katolo group, seem to be in a state of flux with a com- 
mingling of the characters of several species. 

I feel that the Cyprinidae of Lake Lanao present to the 
zoologist, within a limited and sharply isolated area, a 
miniature illustration of what certain Cladonias present 
on a world-wide scale. 

From the outline given it can be seen that the fishes of 
the Lanao plateau present a highly interesting problem 
to the student of evolution, one which would well repay 
an intensive study. Something has been presented here 
from the unfashionable view-point of the field naturalist, 
in the hope that some modern technician might take up 
the study of the Lanao Cyprinidae. 
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It would seem that here we have an experiment being 
conducted before our eyes on a scale unapproachable by 
man. Let one of the ‘‘new’’ biologists leave his labora- 
tory and apply his methods to the fishes of Lanao; per- 
haps he might then make a real contribution to the study 
of evolution. By spending six months on the shores of 
the lake he could obtain with great ease all the material 
he could handle, as the Marinao fishermen bring in thou- 
sands of fish on market day, often many canoe loads of 
each of the commoner species. 

By studying several thousand fresh specimens of each 
of the ten most abundant species, and studying all the 
specimens obtainable of the rarer species and all the 
anomalous individuals, he could do much toward unravy- 
eling the phylogeny of the more puzzling forms and 
could perhaps place in their proper sequence the doubt- 
ful cases and those forms which seem to be examples of 
hybridism. 

With the foundation indicated, his statistical analysis 


of species would have real value and would throw light 
upon the evolution of so many species from one parent 
species. 
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MUTATION AND ADAPTATION AS COMPONENT 
PARTS OF A UNIVERSAL PRINCIPLE: 
I. THE PRINCIPLE OF RHYTHM 
OR PERIODICITY 


PROFESSOR EDGAR J. WITZEMANN 
LABORATORY OF PHYSIOLOGICAL CHEMISTRY, UNIVERSITY OF WISCONSIN 


Aut conscious knowledge is fragmentary. The learned 
and unlearned know this fully. It is only the half- 
learned, the superficially educated, that manifest impa- 
tience when such an idea is expressed. To the former 
it is no surprise to see a familiar idea reappear in a 
clearer but still fragmentary form, or to hear something 
that they have known intuitively expressed in inadequate 
words. To the former the ideas expressed in this short 
series of papers will be familiar and beautiful. They 
are therefore fragments written for the learned and the 
unlearned. Only these will be able to appreciate how 
much more the writer might have said, had he known how 
to say it. These alone will realize how much more fruit- 
ful this group of essays would be if they could have been 
written one hundred years or even fifty years hence. 
They alone will be able to hear the faint voices of the in- 
struments of a great symphony of which the score could 
not be recorded here. These essays therefore become 
autobiographical in a certain sense. This seems to be 
the best and simplest way to approach the problem of 
saying something about the vague but intensely interest- 
ing notions that have grown up in the writer’s mind. 

For more than twenty-five years the writer has been 
more or less continuously perplexed by a certain lack of 
harmony and unity in our views of nature. It seemed 
that in the various fields of science and their subdivisions 
many things were being seen but partially and others 
were seen as through a thick haze. There seemed to be 
some relationship between the hazy views and the partial 
views, but one could not lay his fingers on it in a tangible 
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form. One day about seven years ago a number of these 
views came into juxtaposition so that the writer could 
‘‘sight through’’ them, so to speak. In a few hours much 
of the perplexity was clarified. In the interval since 
then the writer has tried a number of times to write out 
a view of the things seen. This has proved to be a most 
difficult task. 

With this word of apology and explanation we may 
proceed with the exposition of what appear to be frag- 
ments of a new universal principle. 

In our conventionalized interpretation of physical and 
chemical processes we habitually stay within certain 
boundaries. If we step out of these boundaries we either 
lose our bearings completely or else we find ourselves 
seeing familiar things in a new way. In this essay and 
in those to follow we are certainly stepping out of bound- 
aries, but we believe that we have not lost our bearings 
and that we are seeing things in a new way. 

Some years ago the writer sat down to carefully con- 
sider what happens when we slowly warm a suitable mix- 
ture of oxygen and hydrogen under a piston head of 
constant weight. As every one knows, if we plot the tem- 
perature of the gas against its volume, we obtain a 
straight line and when we have just about convinced a 
novice that we can fully describe the behavior of this sys- 
tem, by saying that the volume of the mixture is a linear 
function of the temperature, an explosion occurs. If the 
piston is still in place and the surrounding temperature 
is still above 100° C. the volume of the vapor in the cyl- 
inder is almost exactly two thirds of what it was before 
the explosion. If we now continue heating the water 
vapor present in our apparatus we again obtain a linear 
volume-temperature curve having the same slope as the 
other. We may heat or cool our gas mixture or our 
water vapor and the volume will increase or decrease in 
accordance with this simple linear law. We have then 
two completely reversible states connected by a sharp 
discontinuity representing a radical change that is not 
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readily reversible. Or if we were to consider it in de- 
scriptive terms, we have two chemical species, having 
similar properties under these conditions, connected by a 
discontinuity, which represents the transformation of the 
one into the other. Obviously, these two kinds of change 
are widely different processes. 

Such situations, in which we have two steady states 
connected by a sharp change of some sort, are very abun- 
dant in chemistry and physics, and it is obvious that they 
are related in some way if we could express the relation 
in proper terms. The first seemed to be identical with 
the principle of adaptation, while the other strangely 
enough appears to be the principle of mutation. That 
adaptation is probably a universal principle has been 
pretty clearly recognized in one way or another for a 
long time. That mutation is also a universal principle 
and that it involves a type of change that is distinctly 
different from that usually understood by adaptation 
has not been so clearly perceived. Moreover, that these 
two principles are related to each other, chronologically 
at least, has been realized by many. Many of us know 
that when things are moving smoothly, 7.e., situations 
are adaptable, cataclysmic changes sometimes break in. 
A tornado may appear on a mild summer day; an earth- 
quake may take place in the middle of the night. But 
here the two principles exist merely in juxtaposition. 
In some other instances the relation is seen to be closer 
and more rational, but the idea that these two principles 
are really closely and integrally related and probably 
constitute parts of a single universal principle has per- 
haps never been clearly stated before. 

Since it is the purpose of this essay to attempt to es- 
tablish not only a causal and genetic relationship between 
the two principles, when viewed separately, but also to 
establish as fully as possible the idea that they constitute 
parts of another more comprehensive universal principle 
in which both are combined, it will be wise to review 
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briefly but as clearly as possible existing knowledge on 
the two component principles. 


ADAPTATION 


Only a few great principles are known which have a 
definitely recognized universality. Among these are the 
law of conservation of energy and the law of conserva- 
tion of matter. Bancroft’ some years ago pointed out 
that the Le Chatelier-Braun principle or the ‘‘ principle 
of mobile equilibrium’’ of chemistry is also a universal 
law. In Bancroft’s words: ‘‘The physicists call it the 
Theorem of De Maupertius or the Principle of Least 
Action. By the biologists it is known as the Law of the 
Survival of the Fittest, while the business man speaks of 
the Law of Supply and Demand. The broadest defini- 
tion of it is that a system tends to change so as to mini- 
mize an external disturbance.’’ 

This restatement of Le Chatelier’s principle is cer- 
tainly not an improvement upon the statement of it made 
by its author, for the field in which he applied it, but the 
broader statement permits of testing its applicability 
over wider ranges. Considered in this way, it is rather 
obvious that in each department of thought the principle 
has been rediscovered in some form and a useful name 
invented. If we wished to give a comprehensive and at 
the same time a suggestive name to this principle it could 
perhaps best be called the adaptation principle. Ban- 
croft gathered together a great many scattered examples, 
from biology, of the apparent action of this principle in 
an effort to show that it really is a universal principle. 
However, this problem of tracing the influence of en- 
vironmental factors in living organisms is much more 
difficult than it is in the case of non-living systems. But 
even in the non-living systems it is successful only with 
the simplest systems. Colloidal and complex systems 
develop mystifying difficulties, when considered in this 
way. It was for this reason that we fixed our attention 

1 Jour. Am. Chem. Soc., 33: 91-120, 1911; Science, 33: 169-79, 1911. 
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on the simple mixtures of hydrogen and oxygen or on 
our water vapor, as was stated above, and perhaps we 
had better return to such examples again. 

We have just spoken of tracing the influence of en- 
vironmental factors in the case of simple non-living sys- 
tems as being relatively simple. This idea requires some 
elaboration on the basis of familiar facts. When we 
heat an ordinary liquid, such as benzene, there is a slow 
change of temperature. If we continue heating the liquid 
we presently reach a temperature, technically known as 
the boiling point, at which there is an enormous increase 
in volume without any measurable change in tempera- 
ture. This continues as long as heat is supplied or until 
the benzene is all vaporized. If we now keep this ben- 
zene at its boiling point, or a little above, we can heat it 
and cool it and it behaves like a true gas. The line rep- 
resenting its adaptation to temperature resembles the 
line for this change in the liquid state, except that it has 
a somewhat greater slope. The lines representing these 
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two adaptation curves may be connected by a vertical 
line (Fig. 1) that represents the sudden mutation of ben- 
zene from the liquid to the vapor state and vice versa. 
Below and above the boiling point the substance obeys 
Le Chatelier’s Principle; its behavior at the boiling 
point is anomalous from this standpoint. 

This break has been the subject of much study in the 
case of gases that are more difficult to liquefy and is now 
pretty well understood. 


In 1869 T. Andrews found that if carbon dioxide be gradually compressed 
in a vessel suitable for the observation, the volume diminishes more rapidly 
than would occur if Boyle’s Law correctly described the behavior of the gas; 
and when the pressure attains a certain value, the gas begins to liquefy. A 
further decrease in the volume does not change the pressure, but only in- 
ereases the quantity of gas liquefied. At length when all the gas has lique- 
fied, a large increase of pressure causes only a minute decrease in the volume 
of the liquid, since liquids in general undergo but a small change of volume 
on compression. 

If the experiment be made with carbon dioxide at 0°, the gas commences 
to liquefy when the pressure has attained 35.4 atmospheres; if at 13.1°, 
liquefaction commences at 48.9 atmospheres pressure; while if the tempera- 
ture exceeds 31°, no pressure, however great, will liquefy the gas. Other 
gases exhibit similar phenomena. For each gas there is a particular tem- 
perature above which liquefaction is impossible; Andrews called this the 
critical temperature of the gas.2 


Knowledge concerning this phenomenon has been 
greatly increased since 1869 and it has now long been 
customary to represent this phenomenon of critical tem- 
perature, in the pressure-volume diagram of a gas, by a 
zone bounded by a dotted line (Fig. 2), in which the gas 
is in the transition state from gas to liquid or vice versa. 
This is the conventional way of admitting and symboliz- 
ing the fact that the adaptation principle or Le Chatelier’s 
principle does not hold while the gas or vapor is in this 
zone. The zone outside the dotted line is a zone of 
gradual change in response to changes in pressure Or 
volume in relation to temperature. The zone inside the 
dotted line is a zone of the liquid state. The dotted line 
is the zone of sudden transition between the liquid and 

2J. W. Mellor, ‘‘Modern Inorganic Chemistry.’’ 1st ed., p. 679, 1922. 
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gaseous state. In order to predict the behavior of a sub- 
stance with reference to this diagram it is necessary to 
know the boundaries of the dotted area. That is, in bio- 
logical terms we must know the ‘‘life-history’’ of the 
substance. 

In all the preceding we have merely reviewed a few 
well-known facts of elementary chemistry. The only 
novelty introduced is that we have used some biological 
terms in the course of the discussion. When it was 
found that these biological terms could be used in this 
way, it was suddenly realized that these breaks in the 
volume-temperature diagrams might correspond to the 
phenomena of mutation in living organisms, discovered 
by DeVries and announced in 1900. It was evident at 
once that, if such a relationship could be shown to exist, 
mutation and adaptation would necessarily have to be 
regarded as universal principles, and that they may 
therefore be definitely integrated in some way ‘with or 
through the life-history of the system under considera- 
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tion. Before proceeding to investigate this suggestion 
it seemed wise to review the work of DeVries on muta- 
tion to refresh our memories of what he did and what he 
learned from it. We shall attempt to see his work in its 
own historical setting and shall use his own words as 
largely as possible. 


VARIABILITY IN PLANTS 

Lamarck founded the theory of a common descent for 
all living things. But his evidence was scanty and failed 
to convince. About a half century later Darwin col- 
lected so much evidence as to overwhelm the opposition. 
The broad proofs of the theory of evolution presented 
by him are independent of the means by which new 
species are produced. This question of the origin of 
species, however, appeals directly to the imagination, and 
Darwin collected all the evidence that he could find. The 
rapid victory gained by his views was mainly due to his 
discussion of this minor point. From a study of avail- 
able data he concluded that the principle of natural selec- 
tion guides evolution. The theory of common descent 
is Darwin’s theory and remains unshaken, even if our 
conception concerning the mode of descent and the im- 
portance assigned to natural selection by Darwin requires 
some revision on the basis of new knowledge of variabil- 
ity acquired since Darwin published his results. Al- 
though the evidence was so incomplete, Darwin felt it 
necessary to make a decision of some kind as to the guid- 
ing principle of evolution and designated natural selec- 
tion. It was thus universally assumed that the changes 
by which species originate are slow, almost invisible and 
may accumulate, in the lapse of time, to any degree. All 
the characters of living organisms were simply assumed 
to be due to this slow process of gradual evolution guided 
by natural selection.* 

Shortly after the publication of Darwin’s Origin of Species, the Belgian 
Anthropologist, Quetelet, submitted the variability in dimensions of the 


3 The above is the author’s abstract of pp. 1-5 of ‘‘Plant Breeding’’ 
(1907), by H. DeVries. 
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different parts of the human body to a statistical investigation. He dis- 
covered that this kind of variability follows distinct laws and that these 
laws agree, in the main with the law of probability. Small divergencies 
from the average are numerous, larger discrepancies are rare, and the 
larger the rarer they are. Variability is thereby limited, and is subject to 
a return to the average condition. It may be moved from this average, to 
some extent, by a change in the outward conditions, or by a repeated selec- 
tion in one direction; but as soon as these causes and this selection cease 
to work, a return to the average is unavoidable. Variability may augment 
or diminish qualities; it is linear, consisting of changes along a simple line, 
some being positive and others negative, but it does not strike out into new 
directions. It is no source of new qualities. The phenomena which are 
bound to such narrow limits can not be a basis for the explanation of the 
origin of species. It governs quantities and degrees of qualities, but not 
the qualities themselves. Species, however, are not in the main distin- 
guished from their allies by quantities or by degrees—their very qualities 
may differ. . : 

From this discussion it may be seen that the slow and gradual changes 
of ordinary variability and the production of new characters are not of the 
same order. Variability, in the ordinary sense of the word, is a broad con- 
ception. It must be subdivided for the purpose of scientific investigation. 
The phenomena that follow Quetelet’s Law are now considered as one 
group, which is called fluctuating variability or fluctuation, since the indi- 
vidual qualities fluctuate around their average. The processes by which 
new qualities are produced must be studied separately. Under the assump- 
tion that these processes are neither slow nor invisible but consist in leaps 
and jumps such as are popularly indicated by the name of sports, they are 
now called mutations, and this great subdivision of phenomena of variabil- 
ity is designated, in consequence thereof, as mutability. . . .4 

. we may sketch the origin of species, according to the theory of mu- 
tation, in the following manner. Species are derived from other species by 
means of sudden small changes which, in some instances, may be scarcely 
perceptible, to the inexperienced eye. From their first appearance they are 
uniform and constant, when propagated by seed; they are not connected 
with the parent species by intermediates and have no period of slow devel- 
opment before they reach the full display of their characters. They do not 
always arise, but only from time to time. . . . Even as the new species are 
produced locally and as the effect of local causes, the struggle for life and 
natural selection decide concerning the survival according to the local con- 
ditions.5 


DeVries (loc. cit., p. 11) describes some of his experi- 
ments on mutation as follows: 


The double variety of corn-marigold (Chrysanthemum segetum) arose in 
my garden in a culture in which I was increasing‘the number of the ray 
florets by continuous selection. During four years I had succeeded in in- 


4 DeVries, loc. cit., pp. 5-6. 
5 Ibid., pp. 9-10. 
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creasing this number to about sixty on each head, starting from the culti- 
vated variety with an average of twenty-one. All the ray florets, however, 
belonged to the outer rows of the head, as in the original variety. At once 
a plant arose which produced some few ligulate florets in the midst of the 
disc. This indicated the production of a double race. When the seeds of 
this mutating individual were sown, the next year, they yielded a uniformly 
double group; and from this time the new variety remained constant.6 


In another volume DeVries summarizes his views as 
follows: 

Summing up the results of this very hasty survey, we may assert that 
species remain unchanged for indefinite periods, while at times they are in 
the alterative condition. Then at once they produce new forms often in 
large numbers giving rise to swarms of subspecies. All facts point to the 
conclusion that these periods of stability and mutability alternate more or 
less regularly with one another. Of course a direct proof of this view 
cannot, as yet, be given but the conclusion is forced upon us by a consid- 
eration of known facts bearing on the principle of constancy and evolu- 
tion.? 

The above constitutes a suggestive review of the rela- 
tion thought to exist between the principle of adaptation 
or fluctuating variation, to use DeVries’ term, and the 
principle of mutation in plants as first described by him. 
That is, there are long periods of adaptation with short 
periods of mutation interspersed between. So far the 
behavior of species of plants resembles that of the be- 
havior of the species of matter discussed above. The 
question naturally arises as to whether this similarity 
is not merely coincidence. The idea is certainly not fa- 
miliar and is to say the least disturbing. It is because 
of this disturbing quality that it seems wise to discuss the 
idea in some detail in terms of more or less familiar 
phenomena. And it will be our purpose in the remain- 
ing parts of this essay to do just this, in order to see if 
we can grow familiar with the idea. 

Some one will suggest that when the history of botan- 
ical species is given in this way or the relations of vapors 
and liquids is considered in the terms given above, it 


6 The details of this are given in ‘‘The Mutation Theory,’’? H. DeVries, 
Vol. II, pp. 161-94, 1910. 

7H. DeVries: ‘‘Species and Varieties; Their Origin by Mutation,’’ p. 
689. 
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sounds like an abstruse description of the stock market, 
which moves along steadily with prices fluctuating a little 
in accordance with the law of supply and demand, until 
another variable influences the market and then it goes 
wild, i.e., mutates for a while. When the tension has 
quieted down, or the explosion has taken place, whatever 
is left behaves again according to the law of supply and 
demand. In other words, business is like benzene. It 
will adapt itself to changes within a certain range ac- 
cording to the law of give and take, or the adaptive 
principle, but after a while a limit is reached. In the 
case of business as well as benzene a reorganization then 
takes place. In case of business the capitalization may 
be decreased or increased to a marked extent without 
cessation of business activity ; in the case of benzene heat 
is given off or absorbed in considerable amounts without 
an accompanying change in temperature. The analogy 
is close and striking. The history of a given business 
like that of benzene is usually a long period of fluctuat- 
ing variations or adaptations to small changes, inter- 
spersed with short periods of mutation, in which changes 
resembling those associated with critical temperature and 
pressure in a gas take place. 


Tuer PrincrpLte or RuytHM 


A close view of the possible interrelation of the prin- 
ciple of adaptation and of mutation in organisms, against 
a physico-chemical background of the behavior of gases 
and liquids, gives one a distinct shock. It appears at 
first that discontinuity is a basic principle of the universe 
and thus reduces us to incoherence because it appears 
to provide a method by which natural phenomena may 
escape unified mathematical treatment. But here again 
we may extend our view, and presently we see that the 
adaptation and mutation portions of our curves may be 
considered as constituting a single harmonic cycle. 
These apparently antipodal propositions may be viewed 
as parts of a continuous curve. We can view the two 
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separate processes as a unit and bring the separate uni- 
versal principles under the head of another universal 
principle, which we may name suggestively as the prin- 
ciple of rhythm or harmonics. 

Considered in this form, as a rhythm, the two sep- 
arate principles seem to develop a fundamental quality 
of familiarity. They seem less remote from our com- 
mon experience when considered together as a rhythm 
than when viewed as separate detached principles. In 
fact, we seem to have a physiological sense that recog- 
nizes rhythm as the most fundamental principle in the 
universe. Moreover, it is comforting to know that this 
principle of rhythm or harmonies is already amenable to 
systematic mathematical treatment, whereas a succession 
of discontinuities, or a systematically unrelated series of 
adaptations and mutations, is not amenable to orderly 
unified treatment. It is also well known that heat, light 
and electricity are transported through space as rhyth- 
mic or harmonic pulsations. In fact, our present knowl- 
edge of harmonic functions was mainly achieved in the 
study of electricity and sound, and the modern develop- 
ment of the radio arose in part from a recognition of the 
fundamental similarity and reciprocal transformability 
of these two forms of energy. 

The periodic revolution of the earth about the sun and 
the inclination of its orbit determine the rhythmical sea- 
sonal variations of the year. The periodic rotation of 
the earth before the sun determines the rhythm of day 
_ and night. These well-known facts fundamentally con- 
dition and give rise to a series of periodic rhythms in the 
life and vital activities of all plants and animals in which 
periods of rest and dormancy alternate with periods of 
activity. 

When we consider animals and plants more closely it 
is evident that rhythm is built into the constitution and 
functions of the organisms. Thus the beat of the heart, 
peristalsis in the gastrointestinal tract and the act of 
respiration are familiar physiological rhythms upon 
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which life depends. These rhythms are regulated by an 
involuntary mechanism. The functioning of a voluntary 
muscle is known to be controlled by a cyclic process of 
action and restoration, which resembles these rhythmic 
or periodic processes under discussion. The rhythmical 
banding of bones is another interesting instance in physi- 
ology, which although it is a purely physico-chemical 
process is not fully understood. In fact, quite a few 
chemical reactions are known which manifest a rhyth- 
mical periodicity, but the subject has not been given the 
attention which it probably deserves.* 

When we come to consider the matter fundamentally 
we must see that all such rhythms as those that we have 
considered are dependent directly or indirectly upon the 
sun. All space within the solar system is filled with 
energy that is moving in radiating straight lines from 
the sun. This energy field has the property of existing 
in a marvelous state of constant pulsation and of being 
constituted of a large assortment of wave-lengths or fre- 
quencies. We now know that this rhythmical discharge 
of the sun is impressed upon or implanted within every- 
thing in its path. Plants have the most efficient ‘‘receiv- 
ing sets’? for this energy, but use and convert only a 
small fraction of that which falls on the earth. It is be- 
lieved that these pulsations emitted by the sun are in turn 
due to the transformations of atoms and molecules in the 
sun. Such an interpretation is justified by recent devel- 
opments in the study of the atom. But whatever the 
ultimate source of the energy may be, there is no possible 
doubt as to the rhythmical quality of the radiations and 
the fact that this quality is present in every system that 
is acted upon by them. 

For a moment it seemed that the familiar force of 
gravitation or steady pull does not give rise to rhythms, 
but it becomes quickly clear that this is untrue. The 
oceanic tides represent a most spectacular gravitational 


8Cf. Hedges and Meyers: ‘‘The Problem of Physico-Chemical Perio- 
dicity.’’ Longmans, Green and Company. 
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separate processes as a unit and bring the separate uni- 
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mic or harmonic pulsations. In fact, our present knowl- 
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dition and give rise to a series of periodic rhythms in the 
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which life depends. These rhythms are regulated by an 
involuntary mechanism. The functioning of a voluntary 
muscle is known to be controlled by a cyclic process of 
action and restoration, which resembles these rhythmic 
or periodic processes under discussion. The rhythmical 
banding of bones is another interesting instance in physi- 
ology, which although it is a purely physico-chemical 
process is not fully understood. In fact, quite a few 
chemical reactions are known which manifest a rhyth- 
mical periodicity, but the subject has not been given the 
attention which it probably deserves.*® 

When we come to consider the matter fundamentally 
we must see that all such rhythms as those that we have 
considered are dependent directly or indirectly upon the 
sun. All space within the solar system is filled with 
energy that is moving in radiating straight lines from 
the sun. This energy field has the property of existing 
in a marvelous state of constant pulsation and of being 
constituted of a large assortment of wave-lengths or fre- 
quencies. We now know that this rhythmical discharge 
of the sun is impressed upon or implanted within every- 
thing in its path. Plants have the most efficient ‘‘receiv- 
ing sets’? for this energy, but use and convert only a 
small fraction of that which falls on the earth. It is be- 
lieved that these pulsations emitted by the sun are in turn 
due to the transformations of atoms and molecuies in the 
sun. Such an interpretation is justified by recent devel- 
opments in the study of the atom. But whatever the 
ultimate source of the energy may be, there is no possible 
doubt as to the rhythmical quality of the radiations and 
the fact that this quality is present in every system that 
is acted upon by them. 

For a moment it seemed that the familiar force of 
gravitation or steady pull does not give rise to rhythms, 
but it becomes quickly clear that this is untrue. The 
oceanic tides represent a most spectacular gravitational 


8Cf. Hedges and Meyers: ‘‘The Problem of Physico-Chemical Perio- 
dicity.”’ Longmans, Green and Company. 
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rhythm. The rhythmical muscular activities and path 
of motion involved in walking, running, hopping, flying 
and other forms of locomotion are all due to the action of 
gravitation. The eccentricities of planetary orbits and 
the fact that more than one body is revolving about our 
sun in the gravitational field gives rise to harmonic varia- 
tions in the actual path that would be traversed if but 
one body was involved. This is true in the infinitely 
large scale of planetary motion. The same appears to 
be true in the realm of the infinitely small scale of elec- 
tronic motion within the atom. Ifa planet were expelled 
from our solar system or a new one were shot into it, a 
period of adaptation would necessarily follow such a 
‘‘mutation,’’?’ during which the bodies involved would 
work out a new system of harmonic variations in re- 
sponse to the disturbance and come to dynamic equi- 
librium. This is also apparently true of the electronic 
systems in atoms and is a subject of very active interest 
and investigation at the present time. 


RéEsuME 


In the above we have shown that when considered in a 
certain way there is a striking similarity in the behavior 
of vapors and liquids on both sides of the critical zone, 
in the behavior of a reactive gaseous mixture on both 
sides of the reaction zone and in the behavior of botanical 
species on both sides of what might be called the zone of 
mutation. We have in all these cases two continuous 
states connected by a discontinuous state. We found 
that in these cases the life history of the species, whether 
it be matter or a living organism, must be known in order 
that its future behavior may be predicted. From fa- 
miliar data submitted it became evident that such ap- 
parent discontinuities were due to the influence of a new 
variable; that when the system under consideration has 
complied with the requirements of this new variable it is 
found to have been reorganized in some way, and in its 
new state it again becomes amenable to the law of adap- 
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tation. Such apparent discontinuities, when they are 
found to occur with regularity, are classed as periodic or 
harmonic processes. The fact that such rhythmic 
changes should be expected is established by reviewing 
the universal occurrence of such phenomena even in 
totally unexpected places. 

This periodicity in part arises from the periodic rela- 
tions of the earth to the sun and in turn in part from the 
impressed periodic quality of all forms of energy in the 
state of transmission from the sun and of reception by | 
the earth. The earth and everything on it lies in this 
complex pulsating field of energy. There is therefore no 
reason to doubt the universality of rhythm or periodicity. 
It remains to be determined whether in the subsequent 
parts of this essay, the interrelations of these and re- 
lated phenomena can be developed clearly enough to pass 
muster as the qualitative statement of a universal scien- 
tifie principle. 


SHORTER ARTICLES AND DISCUSSION 


CONSTITUTIONAL EFFECTS OF THE HAIRLESS GENE 
IN DIPLOID AND TRIPLOID DROSOPHILA’ 


Tue Hairless gene of Drosophila in heterozygous condition 
deletes bristles from the head, thorax and abdomen and shortens 
the veins of the wings. The Hairless gene in homozygous con- 
dition kills the developing fly embryo before it can emerge as an 
imago. Why should these individuals die? Certainly the few 
bristles removed in the heterozygous fly do not suggest that 
Hairless should be death dealing when homozygous. In double 
dose this gene has apparently extended its physiological action. 
We are left to guess the steps by which this extension of reaction 
manifests itself. The student of the developmental action of the 
gene needs to know what these steps are, since this knowledge 
would possibly indicate the mechanisms involved in the whole 
process of gene action. 

Triploids offer a possibility of making these observations since 
they furnish intermediate grades in the balance between normal 
wild type and Hairless genes. <A wild type diploid has two nor- 
mal genes, + +, giving a gene ratio of 2:0. <A heterozygote, + H, 
has a ratio of 1:1. A homozygote, H H, would have a ratio of 
0:2. Triploids have three of these allelomorphs. A wild type 
triploid has the composition + + +, a ratio of 3:0. A triploid 
with two wild type factors to one Hairless, + + H, has a ratio of 
2:1. <A triploid with one wild type gene to two Hairless, + H H, 
has a genie balance of 1:2. A homozygous Hairless triploid, 
H H H, would have the ratio 0:3. Triploids and diploids thus 
furnish four distinct steps in genic balance, wild type, + + H, 
+ H, and +H H. Two more extreme possibilities, H H and 
H H i, do not survive. 

Triploids with one Hairless gene, + + H, seem to live and breed 
as well as wild type triploids, +++. Triploids with two Hair- 
less genes, + H H, are markedly less viable than normal triploids. 
Of the few adults which survive, few breed, and those have few 
progeny. The appearance of the diploid and triploid types are 
shown in Fig. 1. 

1From the Rockefeller Institute for Medical Research, Department of 
Animal and Plant Pathology, Princeton, N. J.; and the Department of 
Biology, School of Hygiene and Public Health, Johns Hopkins University, 
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Fic. 1. Constitutional changes produced by the Hairless gene in diploid 
and triploid flies. The writer is indebted to Dr. Ralph 
G. Schott for making these drawings. 


The wild type diploid, with bristles and wing venation typical 
of the species, is represented as the + + type. The heterozygous 
Hairless fly lacks the two post verticals, the anterior dorsocen- 
trals and most of the abdominal bristles. The fifth long vein 
fails to reach the margin of the wing and the fourth is thinned 
as it approaches the wing edge. 

The triploid wild type is like the diploid save that the bristles 
are heavier. The triploid with one Hairless gene, + + H, is in- 
termediate between the wild type diploid + + and the heterozy- 
gous Hairless diploid + H. It may lack one and sometimes both 
of the post-vertical bristles. Generally the anterior dorso- 
centrals are present. The fifth wing vein generally lacks but 
little of reaching the margin of the wing. The abdominal 
bristles are somewhat reduced in number. A triploid having 
two Hairless genes, + H H, is more extreme than any other type, 
clearly going beyond the heterozygous diploid in the expression 
of the effects of the Hairless gene. Most of the bristles on the 
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head, thorax and abdomen are absent, except that their basal 
rings remain. The fourth and fifth veins are sharply cut before 
they reach the wing margin. Often the second and sometimes 
the third wing veins fail to reach the margin. 

Triploids furnish an intermediate step between the wild type 
and the heterozygous Hairless diploids. They also give a form 
beyond the heterozygous Hairless diploid. The reaction of the 
host to its gene content advances by steps determined by the bal- 
ance between the wild type factor, +, and the Hairless factor, H. 
In each step the effects of the Hairless factor have been extended 
to other structures than those which the lower genic balance 
affected. The graded nature of the series gives the basis for the 
hypothesis that when the balance becomes greatly altered the 
developmental effects are extended still further to eliminate or 
lethally alter vital structures. 

Mangelsdorf and Fraps* have shown a similar graded effect 
of the factor for vitamin A content of corn endosperm. The 
endosperm cells are triploid and may be white, y y y, pale yel- 
low, y y Y, medium yellow, y Y Y, or dark yellow, Y Y Y, in 
their appearance and genetic constitution. The step alteration 
in balance brought about by the addition of one yellow gene, Y, 
and the consequent subtraction of one white gene, y, results in 
a uniform unit increase of the vitamin A content of the grain. 
It is impossible to say what the quantitative effect of removing 
a bristle may be, but qualitatively the different grades of hair- 
lessness produced by different ratios of the allelomorphs H and 
+ in the Hairless locus are certainly in accord with the view that 
these genes act like those in the yellow locus of corn. 

JOHN W. GOWEN 

ROCKEFELLER INSTITUTE FOR 


MEDICAL RESEARCH 
PRINCETON, NEW JERSEY 


THE RELATION OF SULPHYDRYL CONCENTRATION 
TO SIZE INHERITANCE IN THE RABBIT 


ALTHOUGH investigators have been trying for many years to 
solve the problem of the inheritance of size in animals, no one 
has as yet reached a solution which is completely satisfactory. 
However, we believe we have discovered a new function of one 

2P. C. Mangelsdorf and G. S. Fraps, 1931. ‘‘A Direct Quantitative Re- 


lationship between Vitamin A in Corn and the Number of Genes for Yellow 
Pigmentation,’’ Science, 73: 241-242. 
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of the biochemical substances, which plays an important part in 
tissue respiration. We are convinced that this new function is 
concerned with the phenomenon of size inheritance and the limi- 
tation of body size in the rabbit. 

Professor Castle (1929! and 1931?) working with the rabbit, 
crossed a large (giant) race with a small (dwarf) race. The F, 
hybrids, which were intermediate in size, were then back-crossed 
to both the small race parents and the large race parents. In 
these experiments Castle had four chromosomes marked by genes 
which affect color of fur, but he did not find a gene which had 
an appreciable effect on size segregating with any of these 
marked chromosomes. 

After a comparative study of twelve-day embryos from the 
same large, small and F,, hybrid races mentioned above, Painter* 
came to the conclusion that the size of the cell is the same for all 
races of rabbits, regardless of adult weight, and that the differ- 
ence in cell number is responsible for the difference in adult 
weight. After making a comparative study of rate of segmen- 
tation of large and small race zygotes, Castle and Gregory 
(1929*) found that the large race eggs segment at a faster rate 
than do small race eggs. They also found that this difference 
in rate of segmentation could be detected as early as 48 hours 
after copulation and that the difference in size became more 
manifest as the gestation period increased. From further com- 
parative studies on the embryological basis of size inheritance in 
the rabbit, Gregory and Castle (1931°) found that differences in 
cell number between the eggs of the large races and the eggs of 
the small races could be detected as early as forty hours after 
copulation. The adult body size of the races and genetic com- 
binations studied by Castle, furthermore, coincides with the 
mean rate at which the eggs of the respective races segment. 

Hammett (1930°) showed that the sulphydryl group is a 
stimulus to growth by increase in cell number, and that this 
chemical group is concentrated in regions where growth by cell 
proliferation is actively taking place. Although sulphur is 


1Jour. Exp. Zool., 58: pp. 421-454. 

2 Jour, Exp. Zool., 60: pp. 325-338. 

8 Jour. Exp. Zool., 50: pp. 441-453. 

4 Jour. Morph. and Physiol., 48: 1, pp. 81-103. 
5 Jour. Exp. Zool., 59: 2, pp. 199-211. 

8 Proc. Am. Phil. Soc., 69, pp. 217-223. 
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widely distributed in body tissues, and although a potential 
source of the sulphydryl group is present in cystine and cys- 
teine, there is little evidence to show that these acids exist free 
in the tissue. The tripeptide, glutathione, is, however, widely 
distributed, and it is probably the principal substance which 
furnishes the free sulphydryl in the body tissues. However, 
Benedict, Newton and Behre (1926") reported the isolation of a 
sulphur containing nitrogenous base from blood, and Newton, 
Benedict and Dakin (1926*°) showed this to be identical with 
ergothioneine. This substance, like glutathione, has a sulphy- 
dryl group, which, according to Mason (1930°), reduces iodine. 
In this paper no attempt has been made to distinguish between 
these two sulphur compounds and the total sulphydryl concen- 
tration has been expressed in terms of glutathione. 

Since the adult size of races of rabbits differing in weight is 
controlled by the rate and duration of cell proliferation, Gregory 
and Castle (1931) suggested that the genes which affect size may 
be of a sulphydryl nature. 

This study is the result of an attempt to measure the differ- 
ence of sulphydryl concentration in the tissues of the large, the 
small and the medium sized races of rabbits, as well as in cer- 
tain hybrid combinations. The data presented in this prelimi- 
nary report indicate that adult weight is definitely related to 
sulphydryl concentration in the total body tissues of newly born 
rabbits which have fasted forty-eight hours. 

A large Flemish race and a small Polish race were used in this 
study. They were from the same stocks as those which Castle 
used in his recent studies on size inheritance, and which Castle 
and Gregory used in their investigations of the embryological 
basis of size inheritance. In addition to the large and small 
races mentioned above, New Zealand Red and Albino Angora 
races were used. These were intermediate in size between the 
large and small races. In making chemical determinations the 
individuals of all races and genetic combinations were treated 
as uniformly as possible, and as a result the differences in con- 
centration of sulphydryl represent genetic differences and can 
not be attributed to the result of environmental agencies. 

The method of procedure was to take newly born rabbits from 
their mother as soon after birth as possible and allow them to 

7 Jour. Biol. Chem., 67, p. 267. 


8 Science, 64: 602. 
9 Jour. Biol. Chem., 86, p. 623. 
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fast for 48 hours before the analysis was made. Each animal 
was analyzed separately. The whole carcass was ground with 
quartz sand in a mortar and filtered through cheesecloth. The 
residue was again ground and extracted with cold water. Three 
extractions were found sufficient to remove most of the substance 
which reduces iodine. The combined extracts were deprotein- 
ized with tungstie acid and the filtrate titrated with N/100 
iodine in the presence of potassium iodide, using starch indicator 
(Okuda’’). The process was standardized with pure gluta- 
thione (Eastman). 

The sulphydryl concentration of 90 rabbits of different races 
varying in adult size, analyzed on a 48-hour fasted basis, are 
summarized in the following analysis. Twenty-eight rabbits 
from the large Flemish race, which has an adult weight of over 
5,000 grams, have a range of concentration of glutathione of 36 
to 61 milligrams per hundred grams of body weight with a mean 
of 43.7 + .806, standard deviation 5.5. The New Zealand Red 
rabbits, the females of which average 3,700 grams and the male 
3,000 grams, have a range of glutathione concentration from 19 
to 43 milligrams per hundred grams of body weight with a mean 
of 30.8 + .911, standard deviation 6.04. On account of limited 
material only eight young of the small race, the adults of which 
have a body weight of approximately 1,600 grams, are included 
in this series of analyses. The range in concentration of gluta- 
thione of the eight small race individuals is from 24 to 32 milli- 
grams per 100 grams of body weight with a mean concentration 
of 27 milligrams. Since the data for this group are limited, we 
should consider this figure as only a close approximation to the 
mean concentration until more sufficient numbers of analyses are 
obtained. There is a possibility that the curve for concentra- 
tion of glutathione concentration may be bimodal in the small 
race. The newly born young from an Albino-Angora race, the 
adult weight of which is approximately 3,000 grams, are also 
included in the analysis. The sulphydryl concentration is 25 
and 26 milligrams per hundred grams of body weight. On 
account of the normal variation in concentration within a race, 
it is impossible to determine the mean concentration of sulphy- 
dryl of the Albino-Angora race, from the analyses of these two 

‘specimens. However, the results of these two analyses are sig- 
nificant, since they fix the range of concentration in the lower 
limit of the scale. 

10 Jour. Biochem. (Japan) 5, 201 (1925); 217 (1925). 
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The data obtained from the hybrids between the various races 
are interesting. The range of glutathione concentration of ten 
Angora-New Zealand Red hybrids was found to be from 23 to 
41 milligrams per hundred grams of body weight, with a mean 
of 31.8. The mean concentration of glutathione for this hybrid 
series closely approximates that of the New Zealand Red parents. 

The Flemish-Polish hybrids form a very interesting and im- 
portant series. The concentration of glutathione ranges from 
27 to 44 milligrams per hundred grams of body weight, with a 
mean of 34.7 + .59, standard deviation 4.15. When the mean 
concentration of sulphydryl of the Flemish-Polish hybrids is 
compared with the mean concentration for the Polish and Flem- 
ish parental races, we find that it is distinctly intermediate be-- 
tween the two. All the Flemish-Polish hybrid material was 
obtained by mating Flemish females with Polish males. 

Flemish doe number 242.1 furnishes some very critical data. 
She was first mated to a Flemish male, and seven of the young 
which resulted were analyzed for sulphydryl concentration. 
The range was from 43 to 61 milligrams of glutathione per hun- 
dred grams of body weight with a mean of 50.3. Flemish doe 
242.1 was next mated to a Polish male, and the resulting litter 
of thirteen was analyzed for glutathione concentration. The 
range in concentration of sulphydryl was from 27 to 44 milli- 
grams per hundred grams of body weight with a mean concen- 
tration of 35.4. It is clearly evident that zygotes resulting from 
large race eggs, fertilized by small race spermatozoa, are lower 
in concentration of glutathione than pure large race zygotes. 
From these data, it is also evident that high concentration of 
glutathione is incompletely dominant to low concentration. 
This agrees with the evidence from breeding tests made by 
Castle (1929) in which he showed that Flemish-Polish hybrids 
are intermediate in size, the weight of the mature hybrid being 
approximately 3,500 grams. It also agrees with the embryo- 
logical evidence put forth by Gregory and Castle (1931). They 
found that the rate of segmentation of hybrid eggs between the 
two races are intermediate when compared with the two parent 
races. 

The mean concentration of glutathione, together with their 
differences for the different races where numbers are sufficient 
for statistical analysis, are summarized in the following table: 


No. 709] SHORTER ARTICLES AND DISCUSSION 185 


Mean concentration 
of glutathione 

Flemish 43.78 + .706 

Reds 30.8 + .911 


Race Total 


Difference 12.98 + 1.151 


Flemish 43.78 + .706 
Hybrids (Flemish x Polish) S47 


Difference 9.08 + .924 


When the Flemish race is compared with the New Zealand 
Reds the difference in concentration is 12.98+1.15. This is 
more than eleven times the probable error. When the pure 
Flemish zygotes are compared with the Flemish-Polish hybrids, 
the difference is 9.08 + .924, a difference of approximately ten 
times the probable error. From the data presented here, it is 
clearly evident that the genetic composition of the zygote con- 
trols in some way the concentration of glutathione in the tissues 
of newly born rabbits, analyses being made after the young have 
fasted 48 hours. 

Let us again summarize briefly the independent studies which 
have a bearing on cell proliferation, some of which upon casual 
consideration may not appear to be connected with the problem 
of size inheritance. Hammett and his associates showed that the 
rate of cell multiplication is regulated by sulphydryl concentra- 
tion. Painter (1927) found that the difference in size of the 
embryos of the large and small races of rabbit at twelve days of 
age is caused by a difference in cell number. Castle and Greg- 
ory (1929), and Gregory and Castle (1931) presented evidence 
showing that the rate of cell proliferation of eggs from races 
which differ in adult weight is definitely related to the adult 
weight of their respective races. 

When the results of all these independent studies are consid- 
ered together, they furnish strong evidence that at least one of 
the important biochemical substances involved in size inheri- 
tance and the regulation of body size is the concentration of 
glutathione in the body tissues. 

P. W. GREGORY 
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UNIVERSITY OF CALIFORNIA, 
Davis, CALIFORNIA 
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PRELIMINARY SYMBOLS FOR A TAIL-MUTATION 
IN MICE 


HEREDITARY transmission of the anoury and brachyury (com- 
plete or partial taillessness) observed in mice of French origin 
(Lang, 1912; Duboseq, 1922; Dobrovolskaia-Zavadskaia and 
Kobozieff, 1927) segregates as a simple unit, dominant over the 
corresponding normal condition and lethal in homozygous state: 
crosses between two abnormal animals give segregation in a 2:1 
ratio, and crosses of an abnormal with a normal —1:1 ratio. 

Though it is possible that this mutation may turn out to be a 
chromosomal deficiency, the fact that it has its own phenotypic 
characteristics and behaves as a simple Mendelian character 
justifies its notation by a symbol T (tail-reduction), which has 
already been used for this mutation before. 

The most striking effect of this gene is to reduce, in different 
degrees, the length of the tail and to bring about sometimes a 
complete disappearance of this organ. This gene may affect also 
the higher parts of the spine, which may result in paraplegia 
(Dobrovolskaia-Zavadskaia and Kobozieff, 1932). 

A great variability characterizes this mutation, variability 
which concerns not only the length of the tail but also its form. 
A specific tail-length within the limits of a few neighboring 
vertebrae is very often transmitted from parents to offspring, 
as our radiographic examinations have shown. Some peculiar 
tail-forms which emerged during our breeding experiments in 
mice with this mutation proved their ability not only to be trans- 
mitted from parents to offspring, but also to be isolated by selec- 
tion in separate lines. We have, for instance, a few lines of 
tailless and filiform-tailed mice which are breeding true (bal- 
anced lethal?). 

These facts show that the gene 7 is acting in cooperation with 
some other factors (modifiers), which specify and diversify the 
effect produced by the main gene (7). 

All this brought us to the idea that a list of phenotypic sym- 
bols for variations in tail length and form in the presence of 
gene J’, established on the animals of French origin, might be 
suggested as useful in further investigations upon this mutation. 

The shortening of the tail, which is the main feature of our 
mutation, is symbolized by the T itself. Since the degree of 
this shortening may be transmitted by heredity, the following 
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additional notations may be suggested to describe the appearance 
of the various types of tails: T vO (v0 indicating that there are 
no caudal vertebrae at all) for complete taillessness (anoury) ; 
T vl, T v2...T vn—for various lengths of short-tails 
(brachyury). 

Further investigations must show whether the numerals 1, 
2...n apply to groups of vertebrae, or to single vertebrae. 
At any rate, since the normal mouse tail contains, at least in our 
stock, 30 vertebrae, T v30 would designate the normal condition. 
The lethal effect is connected with the gene T. 

Some special forms, according to their ability to be transmitted 
hereditarily and selected in separate lines, need further nota- 
tion. The most common of these forms is the ‘‘kinky tail.’’ 
“‘Kink’’ (‘‘Knickung”’ of Plate, 1910-13) was observed in mice 
as an independent mutation without any real shortening of the 
tail. ‘‘Flexed tail’’ in mice, described by Hunt and Permar 
(1928), presents also one or a few kinks of the tail, and it seems 
to breed as a Mendelian recessive character (Hunt, 1932). 

Our radiographic study of short-tailed mice showed that there 
are two kinds of kinks in our mice: one depending on the insuffi- 
cient growth from one side of a vertebra. We suggest signifying 
it with k vrt; and another—depending on the modification of a 
cartilaginous disk; this kind of kink may be represented by the 
symbol k ert. It seems that the mutation, studied anatomically 
by Blank (1916), belonged to this latter type. 

A combination of T vn with k vrt and k ert may sufficiently 
describe all short kinky tails which we consider provisionally as 
one type of tail mutation, though it is quite possible that further 
selection will subdivide this group in a few different lines. A 
“‘filiform tail’’ (appendage devoid of skeleton) may be kinked 
as well as a bony tail. 

A hereditary transmission of some other forms and their abil- 
ity to be isolated by selection in separate lines were also estab- 
lished in our laboratory. We may suggest the following nota- 
tions for these forms: for our anoure-filiform (flf) stock—a 
combined symbol T vo flf; for mice having a short tail with a 
filiform attenuated tip—T vn flf; for mice with an interruption 
of the axial skeleton due to a deficiency (dfe) of some caudal 
vertebrae T vn dfe; for mice manifesting a tendency to have their 
tails turned around as a helix (hlx)—T vn hlx, ete. 
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These symbols were composed according to current genetic 
practice (Report of the Committee on Genetic Form and Nomen- 
elature, 1931; Bridges and Morgan, 1923) ; they are suggested 
as preliminary phenotypic ones, needing genetic verification on 
selected lines. But since other laboratories have begun work on 
these animals, we thought it timely to present these tentative 
symbols for common use in order to simplify the general concep- 
tion of this mutation and to avoid perhaps in future unnecessary 
confusion of terminology. 

N. DoBROVOLSKAIA-ZAVADSKAIA 

PASTEUR LABORATORY 

Rapium INSTITUTE OF THE 
UNIVERSITY OF PARIS 
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CONSTANT SPECIES HYBRIDS 


A RECENT paper by Winge (1) describes twenty-four amphi- 
diploid hybrids that have made their appearance in the litera- 
ture of cytology and genetics in the past decade. In view of the 
fact that several erroneous impressions may be gained from this 
paper, which will be more widely circulated than one by the 
present author dealing with only eighteen amphidiploid hybrids, 
the following notes are submitted. 

The first critical description and report of an amphidiploid 
hybrid was given in 1925 by Clausen and Goodspeed. These in- 
vestigators had hybridized Nicotiana tabacum (24,) and N. 
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glutinosa (12;), and obtained in I’, a fairly fertile hybrid which 
gave rise to a non-segregating F',. All members of this uniform 
generation showed the same chromosome number, which was the 
sum of the diploid numbers of the two parent species. This con- 
stant hybrid they named N. digluta (36). They were the first 
investigators who recognized the true nature of the derived 
hybrid, and at the time they called attention to the fact that 
Primula kewensis had probably had a similar origin. 

The paper by Winge, now under discusssion, by purporting to 
offer a chronological treatment of twenty-four such hybrids, 
would tend to create the impression that P. kewensis came first. 
This was doubtless done because P. kewensis was first noted as 
a constant hybrid about 1905. As a matter of fact at least two 
other constant species hybrids were known in the literature pre- 
vious to 1900. In 1881 Focke in Die Pflanzenmischlinge men- 
tions Aesculus carnea, derived from A. hippocastanum x A. 
pavia as a frequently occurring constant species hybrid. 
Skovsted later proved this to be an amphidiploid. Janeczewski 
(2) mentions another constant species hybrid obtained from the 
cross Anemone sylvestris x A. magellanica. Therefore, neither 
chronologically nor in point of competent cytological analysis 
can P. kewensis be considered as the first known constant species 
hybrid. 

Furthermore, one would get the impression from Winge that 
doubling of chromosome numbers in hybrids would automati- 
cally produce constant hybrids. Reports of the production of 
three such species hybrids in the genus Crepis (3) have been in 
the literature for some time, but Winge’s paper omits them com- 
pletely. Two of these proved completely sterile, and a third, 
which was somewhat fertile, was far from a constant amphi- 
diploid hybrid. "Winge’s paper lists as constant several amphi- 
diploids which the original investigators stated to exhibit irregu- 
lar gametogenesis. For example, (1) Triticum vulgare x Secale 
cereale; (2) Digitalis ambiguaxD. purpurea; (3) Solanum 
nigrum x S. luteum; and (4) Sazifraga granulatax 8. rosacea. 
He does, however, mention the fact that the amphidiploid de- 
rived from Nicotiana paniculata x N. rustica was inconstant. 
When this evidence is considered together with that of the three 
' Crepis amphidiploids, it is apparent that chromosome doubling 
in species hybrids is not at all certain to result in constant 
species hybrids. In fact, it is evident that the phylogenetic rela- 
tionship of the two parent species must be considered. If they 
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are closely related then allosyndesis will result in irregular 
maturation divisions, but if they are distantly related then what 
pairing does occur in the amphidiploid will be autosyndetic, and 
the maturation divisions will tend to be regular. The present 
writer has previously suggested that, with regard to maturation 
divisions, at least three kinds of amphidiploids may exist: (a) 
with no interspecific pairing, hence potentially constant hybrids; 
(b) with a minimum amount of interspecific pairing, hence with 
a possibility of producing stable derivatives; and (c) with a 
maximum amount of interspecific pairing, hence with little or 
no regularity in gametogenesis and little probability of produc- 
ing constant derivatives. 

It should be mentioned in conclusion that Levitsky and 
Benetzkaia (4), the investigators of the wheat-rye amphidiploid 
alluded to as showing irregular maturation divisions, have pub- 
lished a paper subsequent to the one originally cited by Winge 
and the present author. In this second paper they are at some 
pains in questioning the supposedly regular maturation divisions 
of many reported amphidiploid hybrids. Such caution appears 
to the present writer to be necessary in view of the accumulating 
evidence. 

Also it should be mentioned that the present author (3) mis- 
cited a paper by Professor Huskins, of MeGill University, ‘‘The 
Origin of Spartina Townsendii,’’ which should have appeared as 
Genetica, 12: 531-538. 1930. 
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VICINISM IN AQUILEGIA VULGARIS 


Species of Aquilegia can be crossed readily in controlled pol- 
linations. How readily such inter-specifie crosses might take 
place under natural conditions is a matter of general theoretical 
interest as well as of technical importance. In the summer of 
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1930 an opportunity presented itself for testing the amount of 
out-crossing in Aquilegia vulgaris, both within the species and 
outside the species. In the cultures of Aquilegia grown by the 
junior author at the John Innes Horticultural Institution, the 
following strains occupied successive rows in the bed: 


. vulgaris, dwarf red, double flowered 

. vulgaris, segregating for height, color, ete. 
. Skinneri 

pyrenaica 

pyrenaica 

. caerulea 

The second family of A. vulgaris had resulted from a selfed 
heterozygote. It was segregating for dwarfness, for self-colored 
petals versus white-bordered petals, and for a recessive pink- 
intensifier which turned pale pinks into bright pinks, and blues 
into slaty-blues. It was also segregating for an albinotic or 
‘tinged white’’ flower color whose factorial basis is not fully 
worked out. One of the few dwarf-slaty plants was chosen for 
the experiment. It stood in the third row between two tall blue- 
flowered plants. It was a homozygous recessive for dwarf and 
for the pink intensifier. It might or might not carry the ‘‘tinged 
white’? and the white-bordered petal factors. The majority of 
outerosses within the family could be detected since they would 
bring in either tall or pure blue. 

Adjacent to the mother plant in the next row was a large plant 
of A. Skinneri, which previous experience had shown to cross 
readily with A. vulgaris. To make doubly certain a sister plant 
of the dwarf-slaty A. vulgaris was pollinated with A. Skinneri 
and the seedlings were raised to maturity. The plants of A. 
pyrenaica and of A. caerulea were farther away but they were 
in flower at the same time and bees were observed to fly freely 
back and forth between flowers of the different species. An 
effort was made to harvest all the seed from the mother plant. 
The capsules were carefully watched and harvested as soon as 
they started to open. When all the seed from the plant had been 
obtained it was thoroughly mixed and a portion was sown in 
1931. Care was taken to prick off the seedlings as soon as they 
appeared in the seed pans. The pans were kept watered for 
three months after the last seedlings appeared in the hope of 
catching any weak hybrids which might, be late to germinate. 

The plants flowered in the spring of 1932. They were all pure 
A. vulgaris. If inter-specific crosses had occurred they had been 
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eliminated in some way. The seedlings were of the following 
color and growth types: 


Dwarf 


Self colored 
slaty-blue 
blue 

White edged 
slaty-blue 
blue 

White tinged 


Total 


It will be remembered that the mother plant selected for the 
experiment was homozygous for dwarfness and for slaty color. 
The dwarfs were all slaty and segregated for white-edged petals 
in numbers very close to expectations on a three to one ratio. 
Since there were no other slaty-dwarf plants near-by it is prob- 
able that the 100 dwarf plants resulted from self-pollinations. 
The other 19 must have resulted from cross-pollinations in the 
same family. In flower color and pattern they correspond to 
what would have been expected—upon pollinating the dwarf- 
slaty mother plant with the two adjacent tall blues in the same 
row. 

To summarize the evidence: there was a minimum of 16 per 
cent. (19 out of 119) of out-crossing within A. vulgaris, probably 
with adjacent plants. Out-crossing with the dwarf red-double 
A. vulgaris two rows away did not oceur. There was no effective 
out-erossing with any of the other three species though they are 
known to be inter-fertile in controlled pollinations. Cross-pol- 
linations with these three species probably occurred but were 
ineffective under the conditions of the experiment, due to some 
such factor as differential pollen-tube growth or embryonic com- 
petition. 

SuMMARY 

In an experiment planned to test the amount of out-crossing 
in Aquilegia vulgaris it was found that effective out-crossing 
with other species did not occur. Out-crossing within the species 
was found to have taken place in at least 19 out of 119 cases (16 


er cent. ). 
P ) Epaar ANDERSON 
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